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(54) Exfoliating method, transferring method of thin film device, and thin film device, thin film 
integrated circuit device, and liquid crystal display device produced by the same 



(57) A method for transferring a thin film device on 
a substrate onto a transfer member, includes: 

a step for forming a separation layer on the sub- 
strate, a step for forming a transferred layer including 
the thin film device on the separation layer, a step for 



FIG. 



adhering the transferred layer including the thin film de- 
vice to the transfer member with an adhesive layer ther- 
ebetween, a step for irradiating the separation layer with 
light so as to form internal and/or interfacial exfoliation 
of the separation layer, and a step for detaching the sub- 
strate from the separation layer. 
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Description 

[TECHNICAL FIELD] 

[0001] The present invention relates to a method for 
exfoliating a detached member, and in particular, a 
transferring method for exfoliating a transferred layer 
comprising a thin film such as a functional thin film and 
for transferring it onto a transfer member such as a 
transparent substrate. Also, the present invention re- 
lates to a transferring method of a thin film device, a thin 
film device, a thin film integrated circuit device, and a 
liquid crystal display device produced using the same. 

[BACKGROUND ART] 

[0002] Production of liquid crystal displays using thin 
film transistors (TFTs), for example, includes a step for 
forming thin film transistors on a transparent substrate 
by a CVD process or the like. 

[0003] The thin film transistors are classified into 
those using amorphous silicon (a-Si) and those using 
polycrystalline silicon (p-Si), and those using polycrys- 
talline silicon are classified into those formed by a high 
temperature process and those formed by a low tem- 
perature process. 

[0004] Since the formation of such thin film transistors 
on a substrate involves treatment at a relatively high 
temperature, a heat resistant material, that is, a material 
having a high softening point and a high melting point 
must be used as the transparent substrate. At present, 
in the production of TFTs by high temperature process- 
es, transparent substrates composed of quartz glass 
which are sufficiently resistive to a temperature of ap- 
proximately 1 ,000 °C are used. When TFTs are pro- 
duced by low temperature processes, the maximum 
process temperature is near 500 °C, hence heat-resist- 
ing glass which is resistive to a temperature near 500 
°C is used. 

[0005] As described above, a substrate for use in 
forming thin film devices must satisfy the conditions for 
producing these thin film devices. The above-mentioned 
"substrate" is, however, not always preferable in view of 
the steps after fabrication of the thin film devices on the 
substrate is completed. 

[0006] For example, in the production process with 
high temperature treatment, quartz glass or heat-resist- 
ing glass is used, however, they are rare and very ex- 
pensive materials, and a large transparent substrate 
can barely be produced from the material. 
[0007] Further, quartz glass and heat-resisting glass 
are fragile, easily broken, and heavy. These are severe 
disadvantages when a substrate provided with thin film 
devices such as TFTs is mounted into electronic units. 
There is a gap between restriction due to process con- 
ditions and preferred characteristics required for prod- 
ucts. Hence it is significantly difficult to satisfy both the 
restriction and preferred characteristics. 



[0008] The present invention has been achieved in 
view of such a problem, and has an object to provide an 
exfoliating method, which permits easy exfoliation re- 
gardless of characteristics of the detached member and 
5 conditions for exfoliating, and transferring to various 
transfer members. Another object is to provide a novel 
technology which is capable of independently selecting 
a substrate used in production of thin film devices and 
a substrate suited to the use of the product (a substrate 
10 having preferable properties for use of the product). A 
further object is to provide a novel technology not caus- 
ing deterioration of characteristics of thin film devices 
which are transferred onto a substrate, by decreasing 
the optical energy radiated to the separable layer caus- 
es ing ablation in the transferring process. 

[DISCLOSURE OF INVENTION] 

[0009] 1. First, a method for exfoliating a detached 
20 member or a transferred layer from a substrate for pro- 
duction is disclosed. The inventions are as follows: 

(1) An exfoliating method in accordance with the 
present invention is a method for exfoliating a de- 

25 tached member, which is present on a substrate 
with a separation layer therebetween, from the sub- 
strate, wherein the separation layer is irradiated 
with incident light so as to cause exfoliation in the 
separation layer and/or at the interface, and to de- 
30 tach the detached member from the substrate. 

(2) A method for exfoliating a detached member, 
which is present on a transparent substrate with a 
separation layer therebetween, from the substrate, 
wherein the separation layer is irradiated with inci- 

35 dent light from the side of the substrate so as to 
cause exfoliation in the separation layer and/or at 
the interface, and to detach the detached member 
from the substrate. 

(3) A method for exfoliating a transferred layer 
40 formed on a substrate with a separation layer ther- 
ebetween from the substrate and transferring the 
transferred layer onto a transfer member, wherein 
after the transfer member is adhered to the opposite 
side of the transferred layer to the substrate, the 

45 separation layer is irradiated with incident light so 
as to cause exfoliation in the separation layer and/ 
or at the interface, and to detach the transferred lay- 
er from the substrate to transfer onto the transfer 
member. 

50 (4) A method for exfoliating a transferred layer 
formed on a transparent substrate with a separation 
layer therebetween from the substrate and transfer- 
ring the transferred layer onto a transfer member, 
wherein after the transfer member is adhered to the 
55 opposite side of the transferred layer to the sub- 
strate, the separation layer is irradiated with inci- 
dent light from the side of the substrate so as to 
cause exfoliation in the separation layer and/or at 
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the interface, and to detach the transferred layer 
from the substrate to transfer onto the transfer 
member. 

(5) An exfoliating method includes a step for forming 
a separation layer on a transparent substrate, a 
step for forming a transferred layer on the separa- 
tion layer directly or with a given interlayer therebe- 
tween, a step for adhering the transfer member to 
the opposite side of the transferred layer to the sub- 
strate, and a step for irradiating the separation layer 
with incident light from the side of the substrate so 
as to cause exfoliation in the separation layer and/ 
or at the interface, and to detach the transferred lay- 
er from the substrate to transfer onto the transfer 
member. 

[0010] In connection with these inventions, the follow- 
ing inventions are disclosed. 

[001 1 ] After transferring the transferred layer onto the 
transfer member, a step for removing the separation lay- 
er adhering to the side of the substrate and/or transfer 
member may be provided. 

[0012] A functional thin film or a thin film device may 
be used as the transferred layer. Particularly, a thin film 
transistor is preferably used as the transferred layer. 
Preferably, the transfer member is a transparent sub- 
strate. 

[0013] When the maximum temperature in the forma- 
tion of the transferred layer is Tmax, it is preferred that 
the transfer member be composed of a material having 
a glass transition point (Tg) or softening point which is 
lower than Tmax. Particularly, it is preferred that the 
transfer member be composed of a material having a 
glass transition point (Tg) or softening pointwhich is low- 
er than 800 °C. 

[0014] It is preferable that the transfer member be 
composed of a synthetic resin or glass. 
[0015] It is preferable that the substrate has thermal 
resistance. In particular, when the maximum tempera- 
ture in the formation of the transferred layer is Tmax, it 
is preferred that the substrate be composed of a material 
having a distortion point which is lower than Tmax. 
[0016] In the above-mentioned exfoliating methods, 
the exfoliation of the separation layer is caused by an 
elimination of or a decrease in the adhering force be- 
tween atoms or molecules in the constituent substances 
in the separation layer. 

[0017] It is preferable that the incident light be laser 
light. Preferably, the laser light has a wavelength of 1 00 
nm to 350 nm. Alternatively, the laser light has a wave- 
length of 350 nm to 1 ,200 nm. 

[001 8] It is preferable that the separation layer is com- 
posed of amorphous silicon. Preferably, the amorphous 
silicon contains 2 atomic percent or more of hydrogen 
(H). 

[0019] The separation layer may be composed of a 
ceramic. Alternatively, the separation layer may be com- 
posed of a metal. Alternatively, the separation layer may 



be composed of an organic polymer. In this case, it is 
preferable that the organic polymer has at least one ad- 
here selected from the group consisting of -CH 2 -, -CO-, 
-CONH-, -NH-, -COO-, -N=N-, and -CH=N-. Further, it 

5 is preferable that the organic polymer has an aromatic 
hydrocarbon group in the chemical formula. 
[0020] 2. Next, inventions in which the above-men- 
tioned separation layer includes a plurality of compos- 
ites are disclosed. These inventions are as follows. 

w [0021 ] First, the separation layer in the inventions dis- 
closed in paragraph 1 includes a composite with a plu- 
rality of layers. Further, the separation layer includes at 
least two layers having different compositions or char- 
acteristics. 

15 [0022] It is preferable that the separation layer in- 
cludes an optical absorption layer for absorbing the in- 
cident light and another layer having a different compo- 
sition or property from the optical absorption layer. Pref- 
erably, the separation layer includes the optical absorp- 

20 tion layer for absorbing the incident light and a shading 
layer for shading the incident light. Preferably, the shad- 
ing layer lies at the opposite side of the optical absorp- 
tion layer to the incident light. Preferably, the shading 
layer is a reflection layer for reflecting the incident light. 

25 Preferably, the reflection layer is composed of a metallic 
thin film. 

[0023] 3. A method for transferring a thin film device, 
which is used as a detached member or a transferred 
member, will now be disclosed. 
30 [0024] A method for transferring a thin film device on 
a substrate onto a transferred member includes: a step 
for forming a separation layer on the substrate; a step 
for forming a transferred layer including the thin film de- 
vice onto the separation layer; a step for adhering the 
35 transferred layer including the thin film device to the 
transfer member with an adhesive layer, a step for irra- 
diating the separation layer with light so as to cause ex- 
foliation in the separation layer and/or at the interface; 
and a step for detaching the substrate from the separa- 
te tion layer. 

[0025] In accordance with the present invention, for 
example, a separation layer having optical absorption 
characteristics is provided on a substrate having high 
reliability in device production, and thin film devices 
45 such as TFTs and the like are formed on the substrate. 
Next, although not for limitation, the thin film devices are 
adhered to a given transfer member, for example, with 
an adhesive layer, so as to cause an exfoliation phe- 
nomenon in the separation layer, which results in a de- 
50 crease in adhering between the separation layer and the 
substrate. The substrate is detached from the thin film 
devices by the force applied to the substrate. A given 
device with high reliability can be thereby transferred or 
formed onto any transfer members. 
55 [0026] In the present invention, either the step for ad- 
hering the thin film devices (the transferred layer includ- 
ing the thin film devices) to the transfer member with the 
adhesive layer or the step for detaching the substrate 
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from the thin film devices may precede. When handling 
of the thin film devices (the transferred layer including 
the thin film devices) after detaching the substrate is 
troublesome, however, it is preferable that the thin film 
devices be adhered to the transfer member, and then 5 
the substrate be detached. 

[0027] When an adhesive layer for adhering the thin 
film devices to the transfer member is, for example, a 
substance having planation, the uneven face formed on 
the surface of the transferred layer including the thin film 10 
devices is negligible by the planation, the adhering to 
the transfer member is satisfactorily performed. The 
substrate may be a transparent substrate, and thus the 
separation layer is irradiated with the light through the 
transparent substrate. The use of, for example, a trans- 15 
parent substrate, e.g. a quartz substrate, permits pro- 
duction of thin film devices with high reliability and col- 
lective irradiation of the entire separation layer with the 
light from the rear side of the substrate, resulting in an 
improvement in the transfer efficiency. 20 
[0028] 4. Inventions in which parts of the steps, dis- 
closed in the above-mentioned paragraph 3, in the 
method for transferring the thin film device will now be 
disclosed. These inventions are as follows: 

25 

(1 ) A method for transferring a transferred layer in- 
cluding a thin film device forming on a substrate on- 
to a transfer member comprising: a first step for 
forming an amorphous silicon layer on the sub- 
strate; a second step for forming the transferred lay- 30 
er including the thin film device on the amorphous 
silicon layer; a third step for adhering the transferred 
layer including the thin film device to the transfer 
member with an adhesive layer; a fourth step for 
irradiating the amorphous silicon layer with light 35 
through the substrate so as to cause exfoliation in 
the amorphous silicon layer and/or at the interface 
and to decrease the adhering force between the 
substrate and the transferred layer; and a fifth step 
for detaching the substrate from the amorphous sil- 40 
icon layer; wherein the transferred layer formed in 
the second step includes a thin film transistor, and 
the thickness of the amorphous silicon layer formed 
in the first step is smaller than the thickness of the 
channel layer of the thin film transistor formed in the 45 
second step. 

In this invention, the amorphous silicon layer is 
used as the layer formed on the substrate in the first 
step and causes exfoliation by light irradiation. In 
the amorphous silicon layer as shown in Fig. 39, op- 50 
tical energy, which is radiated in the amorphous sil- 
icon layer and which is required for exfoliation (re- 
ferred to as ablation in Fig. 39), decreases as the 
thickness decreases. 

The transferred layer formed in the second step 55 
includes the thin film transistor as a thin film device, 
its channel layer is formed of silicon, e.g., polycrys- 
talline silicon or amorphous silicon, and the trans- 



ferred layer has a thickness of more than 25 nm, for 
example, approximately 50 nm. In this invention, 
the thickness of the amorphous silicon as the sep- 
aration layer (ablation layer) formed in the first step 
is smaller than that of the channel layer of the thin 
film transistor in the transferred layer. The energy 
consumed in the light irradiation step therefore de- 
creases, and the light source can be miniaturized. 
Further, since optical energy by irradiation is low, 
the deterioration of the thin film device is sup- 
pressed if the light leaked from the amorphous sili- 
con layer is incident on the thin film device. 

Now, the thickness of the amorphous silicon 
layer is set to 25 nm or less. As described above, 
the optical energy, which is radiated in the amor- 
phous silicon layer and which is required for exfo- 
liation, decreases as the thickness decreases, 
hence the optical energy is significantly low at this 
thickness. It is preferable that the thickness of the 
amorphous silicon layer be in a range from 5 nm to 
25 nm, more preferably 15 nm or less, and most 
preferably 11 nm or less in order to further decrease 
the optical energy, which is radiated in the amor- 
phous silicon layer and which is required for exfo- 
liation. 

In the second step, the amorphous silicon layer 
is formed by a low pressure chemical vapor depo- 
sition (LPCVD) process. The amorphous silicon lay- 
er formed by the LPCVD process has a higher ad- 
hesion compared with a plasma CVD process, an 
atmospheric pressure (AP) CVD process, or an 
ECR process, hence there is not much risk of fail- 
ures, such as evolution of hydrogen and flaking of 
the film, during the formation of the transferred layer 
including the thin film device. 
(2) A method for transferring a transferred layer in- 
cluding a thin film device on a substrate onto a 
transfer member comprising: a step for forming a 
separation layer onto the substrate; a step for form- 
ing a silicon-based optical absorption layer on the 
separation layer; a step for forming the transferred 
layer including the thin film device on the silicon- 
based optical absorption layer; a step for adhering 
the transferred layer including the thin film device 
to the transfer member with an adhesive layer; a 
step for irradiating the separation layer with light 
through the substrate so as to cause exfoliation in 
the separation layer and/or at the interface; and a 
step for detaching the substrate from the separation 
layer. 

In accordance with this invention, if light leaks 
from the separation layer, the leaked light is ab- 
sorbed in the silicon-based optical absorption layer 
before it is incident on the thin film device. No light 
is therefore incident on the thin film device, hence 
the thin film device is prevented from characteristic 
deterioration due to the incident light. The trans- 
ferred layer including the thin film device can be 



4 



7 



EP 1 351 308 A1 



8 



formed on the silicon-based optical absorption lay- 
er. Metallic contamination will therefore not occur 
as in the case forming the transferred layer onto a 
metallic layer reflecting light, and the thin film device 
can be formed by an established thin film deposition 5 
technology. 

The separation layer and the optical absorption 
layer are formed of amorphous silicon, and a step 
for providing a silicon-based intervening layer be- 
tween the separation layer and the optical absorp- 10 
tion layer. As shown in Fig. 39, the amorphous sili- 
con layer, which absorbs the incident light and sep- 
arates when the energy of the absorbed light reach- 
es a given value, is used as the separation layer 
and the silicon-based optical absorption layer. As 15 
the intervening layer for separating the two amor- 
phous silicon layers, a silicon compound, for exam- 
ple, silicon oxide, is used. 

(3) A method for transferring a transferred layer in- 
cluding a thin film device on a substrate onto a 20 
transfer member comprising: a first step for forming 
a separation layer on the substrate; a second step 
for forming the transferred layer including the thin 
film device on the separation layer; a third step for 
adhering the transferred layer including the thin film 25 
device to the transfer member with an adhesive lay- 
er; a fourth step for irradiating the separation layer 
with light through the substrate so as to cause ex- 
foliation in the separation layer and/or at the inter- 
face; and a fifth step for detaching the substrate 30 
from the separation layer; wherein, in the fourth 
step, the stress, acting on the upper layers above 
the separation layer in the exfoliation in the separa- 
tion layer and/or at the interface, is absorbed by the 
proof stress of the upper layers above the separa- 35 
tion layer to prevent the deformation or breakage of 
the upper layers above the separation layer. 

In the fourth step, the substances in the sepa- 
ration layer are optically or thermally excited by the 
incident light to cut bonds of atoms or molecules on 40 
the surface and in the interior and liberate the mol- 
ecules and atoms to the exterior. This phenomenon 
is observed as phase transition, such as melting or 
evaporation, of the partial or entire substances in 
the separation layer. A stress acts on the upper lay- 45 
ers above the separation layer as the molecules or 
atoms are released. The stress is, however, ab- 
sorbed by the proof stress of the upper layers above 
the separation layer so as to prevent deformation 
or breakage of the upper layers above the separa- 50 
tion layer. 

The materials and/or thicknesses of the upper 
layers above the separation layer may be designed 
in view of such a proof stress. For example, one or 
more among the thickness of the adhesive layer, the 55 
thickness of the transferred layer, the material, and 
the thickness of the transfer member is designed in 
view of the proof stress. 



Before performing the fourth step, the method 
further includes astep for forming a reinforcing layer 
for ensuring the proof stress at any position among 
the upper layers above the separation layer. In this 
invention, if the proof stress is not ensured only by 
the minimum configuration of the upper layers 
above the separation layer, consisting of the adhe- 
sive layer, the transferred layer, and the transfer 
member, deformation and breakage of the thin film 
device is prevented by adding the reinforcing layer. 
(4) A method for transferring a transferred layer in- 
cluding a thin film device on a substrate onto a 
transfer member comprising: a first step for forming 
a separation layer on the substrate; a second step 
for forming the transferred layer including the thin 
film device on the separation layer; a third step for 
adhering the transferred layer including the thin film 
device to the transfer member with an adhesive lay- 
er; a fourth step for irradiating the separation layer 
with light through the substrate so as to cause ex- 
foliation in the separation layer and/or at the inter- 
face; and a fifth step for detaching the substrate 
from the separation layer; wherein, the fourth step 
includes sequential scanning of beams for locally 
irradiating the separation layer, such that a region 
irradiated by the N-th beam (wherein N is an integer 
of 1 or more) does not overlap with other irradiated 
regions. 

[0029] In the fourth step, beams, such as spot beams 
or line beams, for locally irradiating the separation layer 
are intermittently scanned so that substantially all the 
surface of the separation layer is irradiated with light. 
The beam scanning is achieved by relative movement 
between the substrate provided with the separation lay- 
er and the beam source or its optical system, and irra- 
diation may be continued or discontinued during the rel- 
ative movement. In this invention, the intermittent beam 
scanning is performed so that the adjacent beam-irradi- 
ated regions do not overlap with each other. 
[0030] If the beam-irradiated regions overlap, the re- 
gion may be irradiated with an excessive amount of light 
which will cause exfoliation in the separation layer or at 
the interface. It is clarified by analysis by the present 
inventor that an excessive amount of light partially leaks, 
is incident on the thin film device, and causes the dete- 
rioration of electrical characteristics and the like of the 
thin film device. 

[0031] In the present invention, the separation layer 
is irradiated with such an excessive amount of light, 
hence the original characteristics of the thin film device 
are maintained after the thin film device is transferred 
onto the transfer member. A zone between individual 
beam-irradiated regions may be a low irradiation zone 
in which light is incident during the relative movement 
or a non-irradiation zone in which no light is incident dur- 
ing the relative movement. Exfoliation does not occur in 
the low irradiation zone or non-irradiation zone, the ad- 
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hesion between the separation layer and the substrate 
can be remarkably reduced. 

[0032] In the following two inventions, each beam for 
preventing or suppressing the characteristic deteriora- 
tion of the thin film device is determined in different 
views from the invention in paragraph (4). 
[0033] In the fourth step of the first invention, beams 
are sequentially scanned to irradiate locally the separa- 
tion layer, each beam has a flat peak region having the 
maximum optical intensity in the center, and a region 
irradiated by the N-th beam (wherein N is an integer of 
1 or more) does not overlap with other irradiated re- 
gions. 

[0034] In the fourth step of the other invention, beams 
are sequentially scanned to irradiate locally the separa- 
tion layer, each beam has the maximum optical intensity 
in the central region, and an effective region irradiated 
by the N-th beam (wherein N is an integer of 1 or more) 
having an intensity, which is 90% or more of the maxi- 
mum intensity, does not overlap with the other effective 
regions irradiated by other beam scanning. 
[0035] Since individual beams are scanned so that 
the flat peaks of individual beams or the effective re- 
gions having intensities which are 90% or more of the 
maximum intensity do not overlap with each other, two 
beams are continuously scanned in the same region in 
the separation layer. 

[0036] The total irradiated beam (sum of the optical 
intensity x time) in the same region is lower than that 
when the flat peak region or the effective region having 
intensities which are 90% or more of the maximum in- 
tensity is set at the same position in the two consecu- 
tively scanned beams. As a result, the separation layer 
may separate after the second scanning in some re- 
gions, and this case does not correspond to the exces- 
sive irradiation. In another case, even if the separation 
layer separates in the first scanning, the intensity of the 
light incident on the thin film device in the second scan- 
ning is decreased, hence the deterioration of the electric 
characteristics of the thin film device can be prevented 
or reduced. 

[0037] In the thin film device formed on a given sub- 
strate by a transfer technology of the thin film device (the 
thin film structure) in accordance with the present inven- 
tion, the deterioration of various characteristics can be 
prevented or reduced by improving the irradiating step 
for exfoliating the separation layer. 
[0038] When the thin film device is athin film transistor 
(TFT), the improved irradiation step for exfoliating the 
separation layer can prevent the breakdown of the TFT 
due to a decreased on-current flow and an increased 
off-current flow in the chan nel layer of the TFT damaged 
by the incident light. 

[0039] 5. Further, the following inventions are dis- 
closed in connection with the above-mentioned inven- 
tions. 

[0040] A step for removing the separation layer ad- 
hered to the transfer member is provided for completely 



removing the unnecessary separation layer. 
[0041] The transfer member is a transparent sub- 
strate. For example, inexpensive substrates such as a 
soda glass substrate and flexible transparent plastic 

5 films may be used as the transfer member. When the 
maximum temperature of the transfer member during 
the formation is Tmax, the transfer member is com- 
posed of a material having a glass transition point (Tg) 
or softening point which is lower than Tmax. 

w [0042] Although such inexpensive glass substrates 
etc. have not been used because they are not resistive 
to the maximum temperature of the conventional device 
production processes, they can be used in the present 
invention without restriction. 

15 [0043] The glass transition point (Tg) or softening 
point of the transfer member is lower than the maximum 
temperature in the process for forming the thin film de- 
vice. The upper limit of the glass transition point (Tg) or 
softening point is defined. The transfer member is com- 

20 posed of a synthetic resin or a glass material. For ex- 
ample, when the thin film device is transferred onto a 
flexible synthetic resin plate such as a plastic film, ex- 
cellent characteristics which are not obtainable in a 
glass substrate with high rigidity can be achieved. When 

25 the present invention is applied to a liquid crystal device, 
a flexible lightweight display device which is resistive to 
shock damage can be achieved. 
[0044] Also, athin film integrated circuit such as a sin- 
gle-chip microcomputer including TFTs can be formed 

30 by transferring the TFTs on a synthetic resin substrate 
by the above-mentioned transferring method. 
[0045] An inexpensive substrate such as a soda- 
glass substrate can also be used as the transfer mem- 
ber. A soda-glass substrate is inexpensive and thus has 

35 economical advantages. Since alkaline components are 
dissolved from the soda-glass substrate during anneal- 
ing of the TFT production, it has been difficult to apply 
active matrix liquid crystal display devices. In accord- 
ance with the present invention, however, since acom- 

40 pieted thin film device is transferred, the above-men- 
tioned problems caused by the annealing will not occur. 
Accordingly, substrates having problems in the prior art 
technologies, such as a soda-glass substrate, can be 
used in the field of active matrix liquid crystal display 

45 devices. 

[0046] The substrate has thermal resistivity: The thin 
film device can be annealed at a high temperature in the 
production process, and the resulting thin film device 
has high reliability and high performance. 
50 [0047] The substrate has a transmittance of 1 0% or 
more for the 31 Onm light: The transparent substrate can 
supply optical energy sufficient to ablation in the sepa- 
ration layer. 

[0048] When the maximum temperature in the forma- 
ts tion of the transferred layer is Tmax, the substrate is 
composed of a material having adistortion point of Tmax 
or more: The thin film device can be treated at a high 
temperature in the production process, and the resulting 
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thin film device has high reliability and high perform- 
ance. 

[0049] The separation layer may be composed of 
amorphous silicon: The amorphous silicon can absorb 
light, can be easily produced, and has a highly practical 
use. 

[0050] The amorphous silicon contains 2 atomic per- 
cent or more of hydrogen (H): When the amorphous sil- 
icon containing hydrogen is used, hydrogen is released 
by light irradiation, and an internal pressure occurs in 
the separation layer to promote exfoliation in the sepa- 
ration layer. The amorphous silicon may contain 10 
atomic percent or more of hydrogen (H). The exfoliation 
in the separation layer is further accelerated by the in- 
creased hydrogen content. 

[0051 ] Alternatively, the separation layer may be com- 
posed of silicon nitride: When using silicon nitride as a 
separation layer, nitrogen is released by light irradiation 
to promote exfoliation in the separation layer. 
[0052] Alternatively, the separation layer may be com- 
posed of a hydrogen-containing alloy: When using a hy- 
drogen-containing alloy, hydrogen is released by light 
irradiation to promote exfoliation in the separation layer. 
[0053] Alternatively, the separation layer may be com- 
posed of a nitrogen-containing alloy: When using a ni- 
trogen-containing alloy, nitrogen is released by light ir- 
radiation to promote exfoliation in the separation layer. 
[0054] The separation layer may be composed of a 
multi-layered film: The separation layer is therefore not 
limited to a single-layered film. The multi-layered film is 
composed of an amorphous silicon film and a metallic 
film formed thereon. 

[0055] The separation layer may be composed of at 
least one material selected from the group consisting of 
ceramics, metals, and organic polymers. Usable metals 
include, for example, hydrogen containing alloys and ni- 
trogen containing alloys. As in amorphous silicon, exfo- 
liation in the separation layer is accelerated by the evo- 
lution of gaseous hydrogen or nitrogen by light irradia- 
tion. 

[0056] The light is laser light. Laser light is coherent 
light and is suitable for causing exfoliation in the sepa- 
ration layer. The laser light has a wavelength of 1 00 nm 
to 350 nm. The short-wave, high energy laser light re- 
sults in effective exfoliation in the separation layer. An 
example of such a laser is an excimer laser. The excimer 
laser is a gas laser which is capable of outputting laser 
light with high energy, and four typical types of laser light 
can be output (XeF = 351 nm, XeCI = 308 nm, KrF = 
248 nm, ArF = 193 nm) by combinations of rare gasses 
(Ar, Kr, and Xe) and halogen gasses (F 2 and HCI) as 
laser media. By excimer laser irradiation, direct scission 
of molecular adheres and gas evolution will occur in the 
separation layer provided on the substrate, without ther- 
mal effects. 

[0057] The laser light may have a wavelength of 350 
nm to 1 ,200 nm. For the purpose of imparting exfoliation 
characteristics to the separation layer by changes, such 



as gas evolution, vaporization, and sublimation, laser 
light having a wavelength of 350 nm to 1,200 nm can 
also be used. 

[0058] The thin film device maybe athin film transistor 
5 (TFT). The TFT may be a CMOS-type TFT. 

[0059] A high-performance TFT can be transferred 
(formed) on a given transfer member without restriction. 
Various electronic circuits can therefore be mounted on 
the transfer member. Accordingly, by the above-men- 
10 tioned inventions, a thin film integrated circuit device in- 
cluding the thin film device transferred onto the transfer 
member is achieved. Also, a liquid crystal display device 
including an active matrix substrate, which is produced 
by the transfer of the thin film transistors in the pixel re- 
15 gion, is achieved, wherein the pixel region includes a 
matrix of thin film transistors and pixel electrodes each 
connected to one end of each thin film transistor. 



[BRIEF DESCRIPTION OF DRAWINGS] 

20 

[0060] 

Figs. 1 to 8 are cross-sectional views of steps in a 
first embodiment of an exfoliating method in accord- 

25 ance with the present invention. 

Figs. 9 to 1 6 are cross-sectional views of steps in a 
second embodiment of an exfoliating method in ac- 
cordance with the present invention. 
Figs. 1 7 to 22 are cross-sectional views of steps in 

30 a third embodiment of a method for transferring a 
thin film device in accordance with the present in- 
vention. 

Fig. 23 is a graph illustrating a change in the trans- 
mittance of a first substrate (a substrate 1 00 in Fig. 
35 1 7) to the wavelength of laser light. 

Figs. 24 to 34 are cross-sectional views of steps in 
a fourth embodiment of a method for transferring a 
thin film device in accordance with the present in- 
vention. 

40 Figs. 35(a) and 35(b) are isometric views of a mi- 
crocomputer produced in accordance with the 
present invention. 

Fig. 36 is a schematic view illustrating a configura- 
tion of a liquid crystal display device. Fig. 37 is a 

45 schematic view illustrating a configuration of the 
main section in a liquid crystal display device. 
Fig. 38 is a cross-sectional view of another embod- 
iment of a method for transferring a thin film device 
in accordance with the present invention. 

50 Fig. 39 is a graph of a relationship between optical 
energy absorbed in the separation layer and the 
thickness of the separation layer, for illustrating ab- 
lation in the separation layer which is composed of 
amorphous silicon. 

55 Fig. 40 is a cross-sectional view of another embod- 
iment in which an amorphous silicon layer as an op- 
tical absorption layer is formed on an amorphous 
silicon layer as a separation layer with a silicon- 
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based intervening layer therebetween. 
Fig. 41 is a cross-sectional view of another embod- 
iment in which a silicon-based optical absorption 
layer composed of a material which is different from 
that of a separation layer is formed on the separa- 
tion layer. 

Figs. 42(A) to 42(E) are cross-sectional views of an- 
other embodiment in which a reinforcing layer is 
provided to prevent deformation or breakage of a 
thin film device during exfoliation of a separation 
layer. 

Fig. 43 is a schematic view illustrating a scanning 
operation of beams onto a separation layer in a step 
in a method for transferring a thin film device in ac- 
cordance with the present invention. Fig. 44 is a 
plan view illustrating beam scanning in Fig. 42. Fig. 
45 is a schematic view illustrating another embodi- 
ment of a scanning operation of beams onto a sep- 
aration layer in a step in a method for transferring 
a thin film device in accordance with the present in- 
vention. Fig. 46 is a graph of characteristic curves 
illustrating an intensity distribution of beams used 
in the beam scanning shown in Fig. 45. Fig. 47 is a 
graph of characteristic curves illustrating another in- 
tensity distribution of beams used in the beam scan- 
ning shown in Fig. 45. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0061] Embodiments of the exfoliating method in ac- 
cordance with the present invention will now be de- 
scribed in detail with reference to the attached drawings. 

[First Embodiment] 

[0062] Figs. 1 to 8 are cross-sectional views of steps 
in a first embodiment of an exfoliating method in accord- 
ance with the present invention. These steps in the ex- 
foliating method (transferring method) in accordance 
with the present invention will now be described. 
[1] As shown in Fig. 1, a separation layer (optical ab- 
sorption layer) 2 is formed on one side (an inner surface 
11 forming exfoliation) of a substrate 1. It is preferable 
that the substrate 1 has transparency to allow incident 
light 7 to pass through from the side of the substrate 1 . 
The transmittance of the incident light 7 is preferably 
10% or more, and more preferably 50% or more. A sig- 
nificantly low transmittance causes a large loss of the 
incident light 7, hence a larger amount of light is required 
for exfoliation of the separation layer 2. 
[0063] The substrate 1 is preferably composed of a 
material with high reliability, and particularly composed 
of a heat-resistant material. When forming a transferred 
layer 4 and an interlayer 3 as described later, a process 
temperature will increase depending on the types or for- 
mation processes (for example, from 350 °C to 1,000 
°C). In such a case, if the substrate 1 has excellent heat 
resistance, the conditions for forming the films, such as 



a temperature, are widely changed in the formation of 
the transferred layer 4 and the like on the substrate 1 . 
[0064] When the maximum temperature in the forma- 
tion of the transferred layer 4 is Tmax, it is preferable 
5 that the substrate 1 be composed of a material having 
a distortion point of Tmax. That is, it is preferable that 
the material for the substrate 1 has a distortion point of 
350 °C or more, and more preferably 500 °C or more. 
Examples of such materials include heat-resistant 
glass, such as quartz glass, soda glass, Corning 7059, 
and OA-2 made by Nippon Electric Glass Co., Ltd. 
[0065] When the process temperature is decreased 
in the formation of the separation layer 2, interlayer 3, 
and transferred layer 4, the substrate 1 can be com- 
posed of an inexpensive glass material or synthetic res- 
in having a lower melting point. 

[0066] Although the thickness of the substrate 1 is not 
limited, it is preferable that the thickness be generally 
about 0.1 to 5.0 mm, and more preferably 0.5 to 1 .5 mm. 
A remarkably small thickness of the substrate 1 causes 
decreased mechanical strength, whereas an excessive- 
ly large thickness causes a large loss of the incident light 
7 if the substrate 1 has a low transmittance. When the 
substrate 1 has a high transmittance for the incident light 
7, the thickness may be larger than the above-men- 
tioned upper limit. 

[0067] It is preferable that the thickness of the sub- 
strate 1 at the portion for forming the separation layer 
be uniform for achieving uniform irradiation by the inci- 
dent light 7. The inner surface 1 1 forming exfoliation and 
the light-incident surface 1 2 of the substrate are not lim- 
ited to the planar form, and may also be curved. In the 
present invention, the substrate 1 is not removed by 
etching etc., but the substrate 1 is removed by exfolia- 
tion in the separation layer 2 provided between the sub- 
strate 1 and the transferred layer 4, hence the operation 
is easy, and the substrate 1 has high selectivity, for ex- 
ample, a relatively high thickness. 
[0068] The separation layer 2 will now be described. 
The separation layer 2 absorbs the incident light 7 to 
cause exfoliation in the layer and/or at an interface 2a 
or 2b (hereinafter referred to as "internal exfoliation" and 
"interfacial exfoliation"). Irradiation by the incident light 
7 causes an elimination or reduction of the adhering 
force between atoms or molecules in the constituent 
substance of the separation layer 2, that is, ablation, and 
internal and/or interfacial exfoliation will occur as a re- 
sult. Further, in some cases, gas will be released from 
the separation layer 2 by the incident light 7, resulting 
in the exfoliation. Consequently, there are two exfolia- 
tion mechanisms, that is, releasing components con- 
tained in the separation layer 2 as gas, and instantane- 
ous vaporization of the separation layer 2 by absorption 
of the light followed by release of the vapor. 
[0069] Examples of the composition for the separa- 
tion layer 2 are the following (1) to (6): 

(1) Amorphous silicon (a-Si): 
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Amorphous silicon may contain hydrogen (H). 
In this case, it is preferable that the hydrogen con- 
tent be approximately 2 atomic percent or more, 
and more preferably 2 to 20 atomic percent. When 
a given amount of hydrogen is contained, hydrogen 5 
is released by irradiation of the incident light 7, and 
an internal pressure, which will act as a force for 
delaminating the upper and lower thin films, occurs 
in the separation layer 2. The hydrogen content in 
the amorphous silicon can be controlled by deter- 10 
mining the film forming conditions, for example, the 
gas composition, gas pressures, gas atmospheres, 
gas flow rates, temperature, substrate temperature, 
and input power in the CVD process. 

(2) Oxide ceramics, dielectrics (ferroelectrics) and 15 
semiconductors, such as silicon oxides and sili- 
cates, titanium oxides and titanates, zirconium ox- 
ide and zirconates, and lanthanum oxide and lan- 
thanates: 

Examples of silicon oxides include SiO, Si0 2 , 20 
and Si 3 0 2 , and examples of silicates include 
K 2 Si0 3 , Li 2 Si0 3 , CaSiO s , ZrSi0 4 , and Na 2 SiO a . 
Examples of titanium oxides include TiO, Ti 2 0 3 , and 
TiO, and examples of titanates include BaTi0 4 , 
BaTi0 3 , Ba 2 Ti 9 O 20 , BaTigO^, CaTiO s , SrTi0 3 , 25 
PbTiO s , MgTi0 3 , ZrTi0 2 , SnTi0 4 , AI 2 Ti0 5 , and 
FeTi0 3 . Examples of zirconium oxides include 
Zr0 2 , and examples of zirconates include BaZr0 3 , 
ZrSi0 4 , PbZr0 3 , MgZr0 3 , and K 2 Zr0 3 . 

(3) Ceramics and dielectrics(ferroelectrics), such as 30 
PZT, PLZT, PLLZT and PBZT: 

(4) Nitride ceramics, such as silicon nitride, alumi- 
num nitride, and titanium nitride: 

(5) Organic polymers: 

Usable organic polymers have linkages (which 35 
are cut by irradiation of the incident light 7), such as 
-CH 2 -, -CO- (ketone), -CONH- (amido), -NH- (imi- 
do), -COO- (ester), -N=N- (azo), and -CH=N- (iso- 
cyano). In particular, any organic polymers having 
large numbers of such linkages can be used. The 40 
organic polymers may have aromatic hydrocarbon 
(one or more benzene ring or fused ring) in the 
chemical formulae. Examples of the organic poly- 
mers include polyolefins, such as polyethylene, and 
polypropylene; polyimides; polyamides; polyesters; 45 
polymethyl methacrylate (PMMA); polyphenylene 
sulfide (PPS); polyether sulfone (PES); and epoxy 
resins. 

(6) Metals: 

Examples of metals include Al, Li, Ti, Mn, In, 50 
Sn, Y, La, Ce, Nd, Pr, Gd, and Sm; and alloys con- 
taining at least one of these metals. 

The thickness of the separation layer 2 de- 
pends on various conditions, such as the purpose 
for exfoliation, the composition of the separation 55 
layer 2, the layer configuration, and the method for 
forming the layer, and has a thickness of generally 
about 1 nm to 20 jum, preferably about 10 nm to 2 



jam, and more preferably about 40 nm to 1 |nm. A 
significantly small thickness requires a larger 
amount of incident light 7 in order to secure excel- 
lent exfoliation characteristics of the separation lay- 
er 2, and an operational time for removing the sep- 
aration layer 2 in the succeeding step. It is prefera- 
ble that the thickness of the separation layer 2 be 
as uniform as possible. 

The method for forming the separation layer 2 
is not limited, and is determined depending on sev- 
eral conditions, such as the film composition and 
thickness. Examples of the methods include vapor 
phase deposition processes, such as CVD (includ- 
ing MOCVD, low pressure CVD, ECR-CVD), evap- 
oration, molecular beam (MB) evaporation, sputter- 
ing, ion-plating, and PVD; plating processes, such 
as electro-plating, dip-plating (dipping), and electro- 
less-plating; coating process, such as a Langmuir- 
Blodgett process, spin-coating process, spray- 
coating process, and roll-coating process; printing 
processes; transfer processes; ink-jet processes; 
and powder-jet processes. A combination of these 
processes may also be used. For example, when 
the separation layer 2 is composed of amorphous 
silicon (a-Si), it is preferable that the layer be formed 
by a low pressure CVD process or a plasma CVD 
process. Alternatively, when the separation layer 2 
is composed of a ceramic by a sol-gel process, or 
an organic polymer, it is preferable that the layer be 
formed by a coating process, and particularly a 
spin-coating process. The separation layer 2 may 
be formed by two or more steps (for example, a lay- 
er-forming step and an annealing step). 

[2] As shown in Fig. 2, an interlayer (underlying layer) 3 
is formed on the separation layer 2. 
[0070] The interlayer 3 is formed for various purpos- 
es, for example, as a protective layer which physically 
and chemically protects the transferred layer 4 during 
production and use, an insulating layer, a conductive 
layer, a shading layer for the incident light 7, a barrier 
layer prohibiting migration of components to or from the 
transferred layer 4, and a reflection layer. 
[0071] The composition of the interlayer 3 is deter- 
mined by its purpose. For example, the interlayer 3, 
formed between the separation layer 2 composed of 
amorphous silicon and the transferred layer 4 including 
a thin film transistor, is composed of silicon oxides such 
as Si0 2 . Alternatively, the interlayer 3, formed between 
the separation layer 2 and the transferred layer 4 includ- 
ing PZT, is composed of a metal, such as Pt, Au, W, Ta, 
Mo, Al, Cr, or Ti, or an alloy primarily containing such a 
metal. The thickness of the interlayer 3 is determined in 
response to the purpose and functions, and ranges gen- 
erally from about 10 nm to 5 jum, and preferably about 
40 nm to 1 jum. The interlayer 3 may be formed by the 
same method as for the separation layer 2. The inter- 
layer 3 may be formed by two or more steps. 
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[0072] The interlayer 3 may include two or more lay- 
ers having the same composition or different composi- 
tions. In the present invention, the transferred layer 4 
may be formed directly on the separation layer 2 without 
forming the interlayer 3. 

[3] As shown in Fig. 3, a transferred layer (detached 
member) is formed on the interlayer 3. The transferred 
layer 4 will be transferred onto a transfer member 6 later, 
and is formed by the same method as in the separation 
layer 2. 

[0073] The purpose for forming the transferred layer 
4, and type, shape, structure, composition, and physical 
and chemical characteristics of the transferred layer 4 
are not limited, and it is preferable that the transferred 
layer 4 be a thin film, and particularly a functional thin 
film or thin film device. Examples of functional thin films 
and thin film devices include thin film transistors; thin 
film diodes; other thin film semiconductor devices; elec- 
trodes (e.g. transparent electrodes such as ITO and me- 
sa films); photovoltaic devices used in solar batteries 
and image sensors; switching devices; memories; actu- 
ators such as piezoelectric devices; micromirrors (pie- 
zoelectric thin film ceramics); recording media such as 
magnetic recording media, magneto-optical recording 
media, and optical recording media; magnetic recording 
thin film heads, coils, inductors and thin film high per- 
meability materials, and micro-magnetic devices com- 
posed of combinations thereof; optical thin films such as 
filters, reflection films, dichroic mirrors, and polarizers; 
semiconductor thin films; superconducting thin films, e. 
g. YBCO thin films; magnetic thin films; and multi-lay- 
ered thin films, such as metallic multi-layered thin films, 
metallic-ceramic multi-layered thin films, metallic multi- 
layered semiconductor thin films, ceramic multi-layered 
semiconductor thin films, and multi-layered thin films in- 
cluding organic layers and other layers. Among them, 
application to thin film devices, micro-magnetic devices, 
three-dimensional micro-articles, actuators, and micro- 
mirrors is useful. 

[0074] Such a functional thin film or thin film device is 
formed by a relatively high process temperature be- 
cause of the method for forming it. The substrate 1 must 
therefore be a highly reliable material which is resistant 
to the high process temperature, as described above. 
[0075] The transferred layer 4 may be a single layer 
or a composite of a plurality of layers. The transferred 
layer, such as a thin film transistor, may have a given 
pattern. The formation (deposition) and patterning of the 
transferred layer 4 is performed by a predetermined 
process. The transferred layer 4 is generally formed by 
a plurality of steps. 

[0076] The transferred layer 4 including thin film tran- 
sistors is formed by, for example, the methods described 
in Japanese Patent Publication No. 2-50630, and H. 
Ohsimaet al.: International Symposium Digest of Tech- 
nical Papers SID 1 983 "B/W and Color LC Video Display 
Addressed by Poly Si TFTs". 

[0077] The thickness of the transferred layer 4 is not 



limited, and is determined in response to various factors, 
e.g. purpose, function, composition, and characteristics. 
When the transferred layer 4 includes thin film transis- 
tors, its total thickness is preferably 0.5 to 200 |um, and 

5 more preferably 0.5 to 10 jum. In the case of other thin 
films, the preferable thickness has a more wider thick- 
ness range, for example, 50 nm to 1 ,000 jum. 
[0078] The transferred layer 4 is not limited to the 
above-described thin films, and may be thick films, such 

10 as coating films and sheets, and transfer materials or 
separable materials, such as powder, not forming films 
or layers. [4] As shown in Fig. 4, an adhesive layer 5 is 
formed on the transferred layer (a detached member) 4, 
and a transfer member 6 is adhered with the adhesive 

15 layer 5. Examples of preferable adhesives forming the 
adhesive layer 5 include curable adhesives, for exam- 
ple, reactive curing adhesives, heat-hardening adhe- 
sives, photo-setting adhesives such as UV-curing adhe- 
sives, and anaerobic curing adhesives. Examples of 

20 types of adhesives include epoxys, acrylates, and sili- 
cones. The adhesive layer 5 is formed by, for example, 
a coating process. 

[0079] When using a curable adhesive, for example, 
the curable adhesive is applied onto the transferred lay- 
25 er 4, the transfer member 6 is adhered thereon, and then 
the curable adhesive is cured by a method in response 
to characteristics of the curable adhesive to adhere the 
transferred layer 4 to the transfer member 6. When us- 
ing a photo-setting adhesive, it is preferable that a trans- 
30 parent transfer member 6 be placed on the uncured ad- 
hesive layer 5, and then the substrate 1 and the transfer 
member 6 be illuminated with light for curing from both 
sides in order to secure the curing of the adhesive. 
[0080] Regardless of the drawings, the adhesive layer 
35 5 may be formed on the transfer member 6 and then the 
transferred layer 4 may be adhered thereto. Further, the 
above-mentioned interlayer may be provided between 
the transferred layer 4 and the adhesive layer 5. When 
the transfer member 6 has an adhering function, the for- 
40 mation of the adhesive layer 5 may be omitted. 

[0081] Examples of the transfer member 6 include 
substrates (plates), and particularly transparent sub- 
strates, although they are not limited to these sub- 
strates. Such substrates may be planar or curved. The 
45 transfer member 6 may have inferior characteristics in- 
cluding heat resistance and corrosion resistance to 
those of the substrate 1 , because, in the present inven- 
tion, the transferred layer 4 is formed on the substrate 
1 , and the transferred layer 4 is transferred to the trans- 
50 fer member 6, wherein characteristics required for the 
transfer member 6 are independent of the conditions, 
such as temperature, in the formation of the transferred 
layer 4. 

[0082] Accordingly, when the maximum temperature 
55 in the formation of the transferred layer 4 is Tmax, the 
transfer member 6 can be formed of a material having 
a glass transition point (Tg) or softening point of Tmax 
or less. For example, the transfer member 6 is com- 
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posed of a material having a glass transition point (Tg) 
or softening point of 800 °C or less, preferably 500 °C 
or less and more preferably 320 °C or less. 
[0083] It is preferable that the transfer member 6 has 
a given level of rigidity (mechanical strength), but it may 
have flexibility or elasticity. Examples of materials for 
such a transfer member 6 include a wide variety of syn- 
thetic resins and glass materials, and preferably syn- 
thetic resins and inexpensive glass materials (with low 
melting points). 

[0084] Examples of synthetic resins include both ther- 
moplastic resins and thermosetting resins, such as poly- 
olefins, e.g. polyethylene, polypropylene, ethylene-pro- 
pylene copolymers, and ethylene-vinyl acetate copoly- 
mers (EVAs); cyclic polyolefins; modified polyolefins; 
polyvinyl chloride; polyvinylidene chloride; polystyrene; 
polyamides; polyamide-imides; polycarbonates; po- 
ly-(4-methylpentene-1); ionomers; acrylic resins; 
polymethyl methacrylate (PMMA); acrylonitrile-butadi- 
ene-styrene copolymers (ABS resins); acrylonitrile-sty- 
rene copolymers (AS resins); butadienestyrene copoly- 
mers; polyoxymethylene; polyvinyl alcohol (PVA); ethyl- 
ene-vinyl alcohol copolymers (EVOHs); polyesters, e.g. 
polyethylene terephthalate (PET), polybutylene tereph- 
thalate (PBT), and polycyclohexane terephthalate 
(PCT); polyethers; polyether-ketones (PEKs); poly- 
ether-ether-ketone (PEEKS); polyether-imides; polya- 
cetals (POMs); polyphenylene oxides; modified 
polyphenylene oxides; polysulfones; polyphenylene 
sulfide (PPS); polyether sulfones (PESs); polyarylates; 
aromatic polyesters (liquid crystal polymers); poly- 
tetrafluoroethylene; polyvinylidene fluoride; other fluo- 
rine resins; thermoplastic elastomers, e.g. styrene-, 
polyolefin-, polyvinyl chloride-, polyurethane-, polyes- 
ter-, polyamide-, polybutadiene-, trans-polyisoprene-, 
fluorine rubber-, and chlorinated polyethylene-type; 
epoxy resins; phenol resins; urea resins; melamine res- 
ins; unsaturated polyesters; silicone resins; and poly- 
urethanes; and copolymers, blends, and polymer alloys 
essentially consisting of these synthetic resins. One or 
more of these synthetic resins may be used, for exam- 
ple, as a composite consisting of at least two layers. 
[0085] Examples of usable glasses include silicate 
glass (quartz glass), alkaline silicate glass, soda-lime 
glass, lead (alkaline) glass, barium glass, and borosili- 
cate glass. All the types of glass other than silicate glass 
have lower boiling points than that of silicate glass, can 
be readily formed and shaped, and are inexpensive. 
[0086] When a synthetic resin is used, a large transfer 
member 6 provided with a complicated shape, such as 
a curved surface or unevenness, can be readily formed 
with low material and production costs. A large, inex- 
pensive device, for example, a liquid crystal display, can 
therefore be readily formed. 

[0087] The transfer member 6 may function as an in- 
dependent device, such as a liquid crystal cell, or as a 
part of a device, for example, a color filter, an electrode 
layer, a dielectric layer, an insulating layer, and a semi- 



conductor device. Further, the transfer member 6 may 
be composed of metal, ceramic, stone, wood, or paper. 
Alternatively, it may be a surface of a given article (the 
surface of a watch, clock, air conditioner, or print board), 

5 or a surface of a given structure, such as a wall, pillar, 
post, beam, ceiling, or window glass. [5] As shown in 
Fig. 5, the rear side of the substrate 1 (the side 1 2 of the 
incident light) is irradiated with the incident light 7. The 
incident light 7 passes though the substrate 1 and enters 

10 the separation layer 2 through the interface 2a. As 
shown in Fig. 6 or Fig. 7, internal and/or interfacial ex- 
foliation occurs in the separation layer and the adhering 
force is reduced or eliminated. When separating the 
substrate 1 from the transfer member 6, the transferred 

15 layer 4 is detached from the substrate 1 and transferred 
to the transfer member 6. 

[0088] Fig. 6 shows a state of the internal exfoliation 
in the separation layer 2, and Fig. 7 shows a state of the 
interfacial exfoliation at the interface 2a on the separa- 
te tion layer 2. The occurrence of the internal and/or inter- 
facial exfoliation presumes that ablation of the constitu- 
ents in the separation layer 2 occurs, that gas retained 
in the separation layer 2 is released, and that phase 
transition such as melting or vaporization occurs imme- 
25 diately after the light irradiation. 

[0089] Wherein the word "ablation" means that solid 
components (the constituents of the separation layer 2), 
which absorbed the incident light, are photochemically 
and thermally excited and atoms or molecules in the sol- 
30 id components are released by the chain scission. The 
ablation is observed as phase transition such as melting 
or vaporization in the partial or entire constituents of the 
separation layer 2. Also, fine foaming may be formed by 
the phase transition, resulting in a decreased adhering 
35 force. The internal and/or interfacial exfoliation of the 
separation layer 2 depends on the composition of the 
separation layer 2 and other factors, for example, the 
type, wavelength, intensity and, range of the incident 
light 7. 

40 [0090] Any type of incident light 7, which causes in- 
ternal and/or interfacial exfoliation of the separation lay- 
er 2, can be used, for example, X-rays, ultraviolet rays, 
visible rays, infrared rays (heat rays), laser beams, milli- 
waves, micro-waves, electron rays, and radiations (oc- 

45 rays, (3-rays, and y-rays). Among them, laser beams are 
preferable because they can easily cause exfoliation 
(ablation) of the separation layer 2. 
[0091] Examples of lasers generating the laser 
beams include gas lasers and solid lasers (semiconduc- 

50 tor lasers), and excimer lasers, Nd-YAG lasers, Ar la- 
sers, C0 2 lasers, CO lasers, and He-Ne lasers may be 
preferably used. Among them excimer lasers are more 
preferably used. The excimer lasers output high energy 
laser beams in a shorter wavelength range which cause 

55 ablation in the separation layer 2 within a significantly 
shorter time. The separation layer 2 is therefore cleaved 
substantially without the temperature rise, and thus 
without deterioration or damage of the adjacent or ad- 
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joining interlayer 3, transferred layer 4, and substrate 1 . 
[0092] If the ablation of the separation layer 2 is de- 
pendenton the wavelength of the incident light, it is pref- 
erable that the wavelength of the incident laser beam 
be approximately 100 nm to 350 nm. 
[0093] When exfoliating the separation layer 2 by 
means of phase transition, for example, gas evolution, 
vaporization, or sublimation, it is preferable that the 
wavelength of the incident laser beam be approximately 
350 nm to 1,200 nm. 

[0094] Preferably, the energy density of the incident 
light, and particularly of the excimer lasers ranges from 
approximately 1 0 to 5,000 mJ/cm 2 , and more preferably 
approximately 1 00 to 1 ,000 mJ/cm 2 . The irradiation time 
preferably ranges from 1 to 1 ,000 nsec, and more pref- 
erably from 10 to 200 nsec. At an energy density or ir- 
radiation time which is lower than the lower limit, satis- 
factory ablation will not occur, whereas at an energy 
density or irradiation time which is higher than the upper 
limit, the transferred layer 4 is adversely affected by the 
incident light passing through the separation layer 2 and 
interlayer 3. 

[0095] It is preferable that the incident light 7 including 
laser beams with a uniform intensity be incident on the 
separation layer. The incident light 7 may be incident on 
the separation layer 2 from the direction perpendicular 
to the separation layer 2 or from a direction shifted by a 
given angle from the perpendicular direction. 
[0096] When the separation layer 2 has an area which 
is larger than the area per scanning of the incident light, 
the entire separation layer 2 may be irradiated with sev- 
eral scans of incident light. The same position may be 
irradiated two or more times. The same position or dif- 
ferent positions may be irradiated with different types 
and/or wavelengths of incident (laser) light beams two 
or more times. 

[6] As shown in Fig. 8, the separation layer 2 remaining 
on the interlayer 3 is removed by, for example, washing, 
etching, ashing or polishing, or a combination of these 
methods. Also, the separation layer 2 remaining on the 
substrate 1 is removed in the internal separation of the 
separation layer 2, as shown in Fig. 6. 
[0097] When the substrate 1 is composed of an ex- 
pensive or rare material, such as quartz glass, the sub- 
strate 1 is preferably reused. In other words, the present 
invention is applicable to the substrate to be reused, 
hence it is useful. 

[0098] The transfer of the transferred layer 4 to the 
transfer member 6 is completed by the above-men- 
tioned steps. Removal of the interlayer 3 adjoining the 
transferred layer 4 or formation of additional layers may 
be employed. 

[0099] In the present invention, the transferred layer 
4 is not directly separated as the detached member, but 
the separation layer 2 adhered to the transferred layer 
4 is exfoliated, hence uniform exfoliation or transfer is 
easily, securely, and uniformly achieved regardless of 
characteristics and conditions of the detached member 



(transferred layer 4). Since the detached member 
(transferred layer 4) is not damaged, it can maintain high 
reliability. 

[0100] In the embodiment shown in the drawings, a 
5 method for transferring the transferred layer 4 onto the 
transfer member 6 is described. The exfoliating method 
in accordance with the present invention does not al- 
ways include such transfer. In this case, a detached 
member is used instead of the transferred layer 4. The 
10 detached member may be either a layered material or 
non-layered material. 

[0101] The detached member may be used for vari- 
ous purposes, for example, removal (trimming) of un- 
necessary portions of the thin film (particularly functional 
15 thin film), removal of attached members, such as dust, 
oxides, heavy metals, and carbon, and recycling of the 
substrate used in the exfoliation method. 
[01 02] The transfer member 6 may be composed of a 
material having quite different properties from that of the 
20 substrate 1 (regardless of transparency), for example, 
various types of metal, ceramic, carbon, paper, and rub- 
ber, as well as the above-described materials. When the 
transfer member 6 does not permit or is not suitable for 
direct formation of the transferred layer 4, the present 
25 invention can be usefully applied. 

[0103] In the embodiment shown in the drawings, the 
incident light 7 is incident on the substrate 1, however, 
it may be incident on the side away from the substrate 

1 when the adhered material (detached member) is re- 
30 moved or when the transferred layer 4 is not adversely 

affected by irradiation with the incident light. 
[0104] Although the exfoliating method in accordance 
with the present invention has been described, the 
present invention is not limited to the description. 
35 [0105] For example, the surface of the separation lay- 
er 2 may be irradiated with the incident light to form a 
given pattern such that the transferred layer 4 is cleaved 
or transferred based on the pattern (a first method). In 
this case, in the above-mentioned step [5], the side 12 
40 of the incident light of the substrate 1 is masked in re- 
sponse to the pattern before irradiation of the incident 
light 7, or the positions irradiated with the incident light 
7 are accurately controlled. 

[0106] The separation layer 2 having a given pattern 
45 may be formed instead of forming the separation layer 

2 on the entire face 1 1 of the substrate 1 (a second meth- 
od). In this case, the separation layer 2 having a given 
pattern is formed by masking etc. or the separation layer 
2 is formed on the entire surface 11 and is patterned or 

50 trimmed by etching etc. 

[01 07] According to the first and second methods, the 
transferred layer 4 is simultaneously transferred and 
patterned or trimmed. 

[0108] Transfer processes may be repeated two or 
55 more times by the same procedure. When the transfer 
processes are performed for an even numbers of times, 
the positions of the front and rear faces of the transferred 
layer formed by the last transfer process are the same 
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as those of the transferred layer formed on the substrate 
1 by the first transfer process. 

[0109] On a large transparent substrate (for example, 
having an effective area of 900 mm by 1 ,600 mm) as a 
transfer member 6, transferred layers 4 (thin film tran- 
sistors) formed on small substrates 1 (for example, hav- 
ing an effective area of 45 mm by 40 mm) may be trans- 
ferred side by side by repeating transfer cycles (for ex- 
ample, approximately 800 cycles), so that the trans- 
ferred layers 4 are formed on the entire effective area 
of the large transparent substrate. A liquid crystal dis- 
play having a size which is the same as that of the large 
transparent substrate can be produced. 
[0110] Examples of the first embodiment will now be 
described. 

(Example 1) 

[0111] A quartz substrate with a length of 50 mm, a 
width of 50 mm, and a thickness of 1.1 mm (softening 
point: 1 ,630 °C, distortion point: 1 ,070 °C, and transmit- 
tance of excimer laser: approximately 100%) was pre- 
pared, and an amorphous silicon (a-Si) film as a sepa- 
ration layer (laser-absorption layer) was formed on the 
one side of the quartz substrate by a low pressure CVD 
process (Si 2 H 6 gas, 425 °C). The thickness of the sep- 
aration layer was 100 nm. 

[01 12] A Si0 2 film as an interlayer was formed on the 
separation layer by an ECR-CVD process (SiH 4 +0 2 
gas, 100 °C). The thickness of the interlayer was 200 
nm. 

[01 13] A polycrystalline silicon (or polycrystalline sili- 
con) film with a thickness of 50 nm as a transferred layer 
was formed on the interlayer by a CVD process (Si 2 H 6 
gas). The polycrystalline silicon film was patterned to 
form source/drain/channel regions of a thin film transis- 
tor. After a Si0 2 gate insulating film was formed by ther- 
mal oxidation of the surface of the polycrystalline silicon 
film, agate electrode (astructure in which a high melting 
point metal, such as Mo, was deposited on the polycrys- 
talline silicon) was formed on the gate insulating film, 
and source and drain regions were formed by self align- 
ment by means of ion implantation using the gate elec- 
trode as a mask. A thin film transistor was thereby 
formed. 

[0114] A thin film transistor having similar character- 
istics can be formed by a low temperature process in- 
stead of such a high temperature process. For example, 
an amorphous silicon film with a thickness of 50 nm as 
a transferred layer was formed on a Si0 2 film as an in- 
terlayer on the separation layer by a low pressure CVD 
process (Si 2 H 6 gas, 425 °C), and the amorphous silicon 
film was irradiated with laser beams (wavelength: 308 
nm) to modify the amorphous silicon into a polycrystal- 
line silicon film by crystallization. The polycrystalline sil- 
icon film was patterned to form source/drain/channel re- 
gions having agiven pattern of a thin film transistor. After 
a Si0 2 gate insulating film was deposited on the poly- 



crystalline silicon film by a low pressure CVD process, 
a gate electrode (a structure in which a high melting 
point metal, such as Mo, was deposited on the polycrys- 
talline silicon) was formed on the gate insulating film, 
5 and source and drain regions were formed by self align- 
ment by means of ion implantation using the gate elec- 
trode as a mask. A thin film transistor was thereby 
formed. 

[0115] Next, electrodes and leads connected to the 
10 source and drain regions and leads connected to the 
gate electrode were formed, if necessary. These elec- 
trodes and leads are generally composed of aluminum, 
but this is not a limitation. A metal (not melted by laser 
irradiation in the succeeding step) having a melting point 
15 higher than that of aluminum may be used if melting of 
aluminum is expected in the succeeding laser irradiation 
step. 

[0116] A UV-curable adhesive (thickness: 100 jum) 
was applied onto the thin film transistor, a large, trans- 

20 parent glass substrate (soda glass, softening point: 740 
°C, distortion point: 511 °C) as a transfer member was 
adhered to the adhesive film, and the outer surface of 
the glass substrate was irradiated with ultraviolet rays 
to fix these layers by curing the adhesive. 

25 [0117] The surface of the quartz substrate was irradi- 
ated with Xe-CI excimer laser beams (wavelength: 308 
nm) to cause exfoliations (internal and interfacial exfo- 
liation) of the separation layer. The energy density of the 
Xe-CI excimer laser was 300 mJ/cm 2 , and the irradiation 

30 time was 20 nano seconds. The excimer laser irradiation 
methods include a spot-beam irradiation method and a 
line-beam irradiation method. In the spot-beam irradia- 
tion method, a given unit area (for example 8 mm by 8 
mm) is irradiated with a spot beam, and the spot irradi- 

35 ation is repeated while shifting the spot beam by about 
one-tenth the given unit area. In the line-beam irradia- 
tion, agiven unit area (for example 378 mm by 0.1 mm, 
or 378 mm by 0.3 mm (absorbing 90% or more of the 
incident energy)) is irradiated while shifting the line- 

40 beam by about one-tenth the given unit area. Each of 
the points of the separation layer is thereby irradiated 
at least ten times. The entire surface of the quartz sub- 
strate is irradiated with the laser, while shifting step by 
step over the irradiated area. 

45 [0118] Next, the quartz substrate was detached from 
the glass substrate (transfer member) at the separation 
layer, so that the thin film transistor and interlayer 
formed on the quartz substrate were transferred onto 
the glass substrate. 

50 [0119] The separation layer remaining on the interlay- 
er on the glass substrate was removed by etching, 
washing, or a combination thereof. A similar process 
was applied to the quartz substrate for recycling the sub- 
strate. 

55 [0120] When the glass substrate as the transfer mem- 
ber is larger than the quartz substrate, the transfer from 
the quartz substrate to the glass substrate in accord- 
ance with this example can be repeated to form a 
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number of thin film transistors on different positions on 
the quartz substrate. A larger number of thin film tran- 
sistors can be formed on the glass substrate by repeat- 
ed deposition cycles. 

5 

(Example 2) 

[0121] A thin film transistor was transferred as in Ex- 
ample 1, but an amorphous silicon film containing 20 
atomic percent of hydrogen (H) was formed as the sep- 10 
aration layer. The hydrogen content in the amorphous 
silicon film was controlled by the film deposition condi- 
tions in the low pressure CVD. 

(Example 3) 15 

[0122] A thin film transistor was transferred as in Ex- 
ample 1, but a ceramic thin film (composition: PbTiO s , 
thickness: 200 nm) as the separation layer was formed 
by spin-coating and sol-gel processes. 20 

(Example 4) 

[0123] A thin film transistor was transferred as in Ex- 
ample 1 , but a ceramic thin film (composition: BaTiOg, 25 
thickness: 400 nm) as the separation layer was formed 
by a sputtering process. 

(Example 5) 

30 

[0124] A thin film transistor was transferred as in Ex- 
ample 1 , but a ceramic thin film (composition: Pb(Zr,Ti) 
0 3 (PZT), thickness: 50 nm) as the separation layer was 
formed by a laser ablation process. 

35 

(Example 6) 

[0125] A thin film transistor was transferred as in Ex- 
ample 1 , but a polyimide film (thickness: 200 nm) as the 
separation layer was formed by a spin-coating process. 40 

(Example 7) 

[0126] A thin film transistor was transferred as in Ex- 
ample 1, but a polyphenylene sulfide film (thickness: 45 
200 nm) as the separation layer was formed by a spin- 
coating process. 

(Example 8) 

50 

[0127] A thin film transistor was transferred as in Ex- 
ample 1, but an aluminum film (thickness: 300 nm) as 
the separation layer was formed by a sputtering proc- 
ess. 

55 

(Example 9) 

[0128] A thin film transistor was transferred as in Ex- 



ample 2, but Kr-F excimer laser beams (wavelength: 
248 nm) were used as the incident light. The energy 
density of the laser beams was 250 mJ/cm 2 , and the 
irradiation time was 20 nano seconds. 

(Example 10) 

[0129] A thin film transistor was transferred as in Ex- 
ample 2, but Nd-YAG laser beams (wavelength: 1,068 
nm) were used as the incident light. The energy density 
of the laser beams was 400 mJ/cm 2 , and the irradiation 
time was 20 nano seconds. 

(Example 11) 

[0130] A thin film transistor was transferred as in Ex- 
ample 1 , but a polycrystalline silicon film (thickness: 80 
nm) as the transferred layer was formed by a high tem- 
perature process at 1,000 °C. 

(Example 12) 

[0131] A thin film transistor was transferred as in Ex- 
ample 1, but a transparent polycarbonate substrate 
(glass transition point: 130 °C) as the transfer member 
was used. 

(Example 13) 

[01 32] A thin film transistor was transferred as in Ex- 
ample 2, but a transparent AS resin substrate (glass 
transition point: 70 to 90 °C) as the transfer member was 
used. 

(Example 14) 

[0133] A thin film transistor was transferred as in Ex- 
ample 3, but a transparent polymethyl methacrylate 
substrate (glass transition point: 70 to 90 °C) as the 
transfer member was used. 

(Example 15) 

[0134] A thin film transistor was transferred as in Ex- 
ample 5, but a transparent polyethylene terephthalate 
substrate (glass transition point: 67 °C) as the transfer 
member was used. 

(Example 1 6) 

[01 35] A thin film transistor was transferred as in Ex- 
ample 6, but a transparent high-density polyethylene 
substrate (glass transition point: 77 to 90 °C) as the 
transfer member was used. 

(Example 1 7) 

[01 36] A thin film transistor was transferred as in Ex- 
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ample 9, but a transparent polyamide substrate (glass 
transition point: 145 °C) as the transfer member was 
used. 

(Example 18) 

[0137] A thin film transistor was transferred as in Ex- 
ample 1 0, but a transparent epoxy resin substrate (glass 
transition point: 120 °C) as the transfer member was 
used. 

(Example 19) 

[0138] A thin film transistor was transferred as in Ex- 
ample 11, but a transparent polymethyl methacrylate 
substrate (glass transition point: 70 to 90 °C) as the 
transfer member was used. 

[0139] The thin film transistors transferred in Exam- 
ples 1 to 19 were observed visually and with a micro- 
scope. All the thin film transistors were uniformly trans- 
ferred without forming defects and unevenness. 
[0140] As described above, an exfoliating method in 
accordance with the present invention ensures easy 
and secure exfoliation regardless of characteristics and 
conditions of the detached member (transferred layer), 
and enables transfer onto various transfer members. 
For example, a thin film can be formed by transfer on a 
material not capable of or not suitable for the direct form- 
ing of the thin film, an easily formable material, an inex- 
pensive material, and a large article which is difficult to 
move. 

[0141] Materials having thermal and corrosion resist- 
ance which is inferior to that of the substrate, for exam- 
ple, various synthetic resins, and low melting point glass 
materials, can be used as the transfer member. For ex- 
ample, in the production of a liquid crystal display includ- 
ing thin film transistors (particularly polycrystalline sili- 
con TFTs) formed on a transparent substrate, a large, 
inexpensive liquid crystal display can be easily pro- 
duced by a combination of a heat-resisting quartz glass 
substrate as the substrate, and an inexpensive and 
formable transparent substrate composed of a synthetic 
resin or a low melting point glass as the transfer mem- 
ber. Such an advantage will be expected in production 
of other devices other than the liquid crystal display. 
[0142] A transferred layer such as a functional thin 
film can be formed on a heat-resisting substrate with 
high reliability, such as a quartz substrate, followed by 
patterning, with maintaining the above-mentioned ad- 
vantage. A highly reliable thin film can therefore be 
formed on a transfer member regardless of the proper- 
ties of the transfer member. 

[Second Embodiment] 

[0143] An exfoliating method in accordance with the 
second embodiment of the present invention will now 
be described in detail with reference to the attached 



drawings. In the second embodiment, the separation 
layer 2 of the first embodiment has a layered structure 
including a plurality of layers. 

[01 44] Figs. 9 to 1 6 are cross-sectional views illustrat- 
5 ing steps in accordance with this embodiment in the ex- 
foliating method in accordance with the present inven- 
tion. The steps will be described sequentially with refer- 
ence to these drawings. Since many matters are com- 
mon to the first embodiment, the same parts are identi- 
fied by the same numeral and a detailed description will 
be omitted appropriately. Accordingly, matters which are 
different from the first embodiment will be described. 
[1] As shown in Fig. 9, a separation layer 2 composed 
of a composite including a plurality of sub-layers is 
formed on one face (the face 11) of the substrate 1. In 
this case, each sub-layer in the separation layer 2 is de- 
posited step by step onto the substrate 1 by a method 
described below. Preferably, the substrate 1 is com- 
posed of a transparent material transmitting the incident 
light 7, when the light is incident on the outer surface of 
the substrate 1 . 

[0145] In this case, the transmittance for the incident 
light 7 is similar to that in the first embodiment. Materials 
for the substrate 1 are common to the first embodiment. 
The thickness of the substrate 1 is the same as that in 
the first embodiment. It is preferable that the thickness 
of the substrate 1 be uniform at a region for forming the 
separation layer so as to be uniformly irradiated with the 
incident light 7. The inner surface 11 and light-incident 
surface 12 of the substrate 1 may be planar or curved. 
[0146] In the present invention, the substrate 1 is de- 
tached by exfoliating the separation layer 2 between the 
substrate 1 and the transferred layer 4 instead of remov- 
ing the substrate by etching etc., hence the operation 
can be easily performed, and the substrate 1 has a wide 
range of selectivity, for example, use of a relatively thick 
substrate. 

[0147] The separation layer 2 is now described. The 
separation layer 2 absorbs the incident light 7 to cause 
internal and/or interfacial exfoliation of the layer. The 
separation layer 2 includes at least two-sub layers hav- 
ing different compositions or characteristics, and pref- 
erably an optical absorption layer 21 and other layers 
having a composition and characteristics which are dif- 
ferent from the optical absorption layer 21 . It is prefera- 
ble that the other layer be a shading layer (reflection lay- 
er 22) for shading the incident light. The shading layer 
lies on the side (upper side in the drawings) of the optical 
absorption layer 21 away from the incident light 7, re- 
flects or absorbs the incident light 7 to prevent or sup- 
press entry of the incident light into the transferred layer 
4. 

[0148] In this embodiment, a reflection layer 22 re- 
flecting the incident light 7 is formed as the shading lay- 
er. It is preferable that the reflection layer 22 has a re- 
flectance of 10% or more, and more preferably 30% or 
more for the incident light 7. Preferably, such a reflection 
layer 22 is formed of a metallic thin film including a sin- 
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gularity or plurality of sub-layers, or a composite includ- 
ing a plurality of thin films having different refractive in- 
dices. In particular, it is composed of metallic thin films 
in view of easy formability. 

[0149] Examples of metals suitable for forming a me- 
tallic thin film include Ta, W, Mo, Cr, Ni, Co, Ti, Pt, Pd, 
Ag, Au, and Al; and alloys primarily containing at least 
one of these metals. Examples of preferable elements 
to be added to such alloys include Fe, Cu, C, Si, and B. 
The addition of these elements enables control of the 
thermal conductivity and reflectance of the alloy. Anoth- 
er advantage is easy production of a target, when form- 
ing the reflection layer by physical deposition. Further, 
alloys can be easily obtained and are inexpensive com- 
pared with the relevant pure metals. 
[0150] The thickness of the reflection (shading layer) 
22 is preferably 10 nm to 10 jum, and more preferably 
50 nm to 5 \xm, although it is not limited to such a range. 
An excessive thickness requires much time for the for- 
mation of the reflection layer 22 and the removal of the 
reflection layer 22 which will be performed later. A sig- 
nificantly low thickness may cause insufficient shading 
effects in some film compositions. 
[0151] The optical absorption layer 21 contributing to 
the exfoliation of the separation layer 2 absorbs the in- 
cident light 7 to eliminate or reduce inter-atomic or inter- 
molecular adhering forces in the substances in the op- 
tical absorption layer 21 and to cause internal and/or 
interfacial exfoliation due to an ablation phenomenon. 
Further, the irradiation with the incident light 7 may 
cause exfoliation by the evolution of gas from the optical 
absorption layer 21 . A component contained in the op- 
tical absorption layer 21 is released as gas in one case, 
or the separation layer 2 is instantaneously gasified by 
absorbing the light, and the vapor is released to contrib- 
ute to the exfoliation in the other case. 
[01 52] The usable compositions of such an optical ab- 
sorption layer 21 are similar to the compositions (1) to 

(4) which were described in the separation layer 2 of the 
first embodiment. In the second embodiment, the follow- 
ing compositions can also be used as the optical ab- 
sorption layer 21 . 

(5) Organic Polymers: 

[0153] Usable organic polymers have linkages (which 
are cut by irradiation of the incident light 7), such as 
-CH-, -CH 2 -, -CO- (ketone), -CONH- (amido), -NH- (im- 
ido), -COO- (ester), -N=N- (azo), and -CH=N- (isocy- 
ano). In particular, any organic polymers having large 
amounts of such linkages can be used. Examples of the 
organic polymers include polyolefins, such as polyeth- 
ylene, and polypropylene; polyimides; polyamides; pol- 
yesters; polymethyl methacrylate (PMMA); polyphe- 
nylene sulfide (PPS); polyether sulfone (PES); and 
epoxy resins. 

(6) Metals: 

[0154] Examples of metals include Al, Li, Ti, Mn, In, 
Sn, and rare earth metals, e.g. Y, La, Ce, Nd, Pr, Sm, 
and Gd; and alloys containing at least one of these met- 



als. 

(7) Hydrogen Occluded Alloys: 

[01 55] Examples of hydrogen occluded alloys include 
rare earth element-based alloys, such as LaNi 5 ; and Ti- 
5 or Ca-based alloys, in which hydrogen is occluded. 

(8) Nitrogen Occluded Alloys: 

[0156] Examples of nitrogen occluded alloys include 
rare earth element-iron, -cobalt, -nickel, and -manga- 
nese alloys, such as Sm-Fe and Nd-Co alloys, in which 

10 nitrogen is occluded. 

[0157] The thickness of the optical absorption layer 
21 depends on various factors, for example, the purpose 
of the exfoliation, the composition of the separation layer 
2, the layer configuration, and the formation process, 

15 and is generally 1 nm to 20 jum, and preferably 10 nm 
to 2 jum, and more preferably 40 nm to 1 \im. A signifi- 
cantly low thickness of the optical absorption layer 21 
causes deterioration of uniformity of the deposited film, 
and thus irregular exfoliation, whereas an excessive 

20 thickness requires a large amount of incident light 7 
(power) to ensure satisfactory exfoliation and a longer 
operational time for removing the separation layer 2. It 
is preferable that the thicknesses of the optical absorp- 
tion layer 21 and reflection layer 22 be uniform as much 

25 as possible. For the same reasons, the total thickness 
of the separation layer 2 is preferably 2 nm to 50 jum, 
and more preferably 20 nm to 20 jum. 
[0158] The method for forming each layer in the sep- 
aration layer 2 (in this embodiment, the optical absorp- 

30 tion layer 21 and reflection layer 22) is not limited, and 
is selected in view of various factors, such as the com- 
position and thickness of the film. Examples of the meth- 
ods include vapor phase deposition processes, such as 
CVD (including MOCVD, low pressure CVD, 

35 ECR-CVD), evaporation, molecular beam (MB) evapo- 
ration, sputtering, ion-plating, and PVD; plating process- 
es, such as electro-plating, dip-plating (dipping), and 
electroless-plating; coating process, such as a Lang- 
muir-Blodgett process, spin-coating process, spray- 

40 coating process, and roll-coating process; printing proc- 
esses; transfer processes; ink-jet processes; and pow- 
der-jet processes. A combination of these processes 
may also be usable. The process for forming the optical 
absorption layer 21 and reflection layer 22 may be the 

45 same or different, and is determined by the composition 
etc. 

[01 59] For example, when the optical absorption layer 
21 is composed of amorphous silicon (a-Si), it is prefer- 
able that the layer be formed by a low pressure CVD 

50 process or a plasma CVD process. Alternatively, when 
the optical absorption layer 21 is composed of a ceramic 
by a sol-gel process, or an organic polymer, it is prefer- 
able that the layer be formed by a coating process, and 
particularly a spin-coating process. 

55 [01 60] The reflection layer 22 composed of a metallic 
thin film is preferably formed by evaporation, molecular 
beam (MB) evaporation, laser ablation deposition, sput- 
tering, ion plating, and the above-mentioned plating 
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processes. 

[0161] Each layer in the separation layer 2 may be 
formed by two or more steps, for example, including a 
layer-forming step and an annealing step. 
[2] As shown in Fig. 10, an interlayer (underlying layer) 
3 is formed on the separation layer 2. 
[0162] The interlayer 3 is formed for various purpos- 
es, and functions as at least one layer of, for example, 
a protective layer which protects physically or chemical- 
ly a transferred layer 4 in production and in use, an in- 
sulating layer, a conductive layer, a shading layer of the 
incident light 7, a barrier layer inhibiting migration of any 
components from or to the transferred layer 4, and a re- 
flection layer. 

[0163] The composition of the interlayer 3 is deter- 
mined based on the purpose: For example, the interlay- 
er 3, which is formed between the separation layer 2 
with the amorphous silicon optical absorption layer 21 
and the transferred layer 4 as the thin film transistor, is 
composed of silicon oxide, e.g. Si0 2 , or the interlayer 3 
formed between the separation layer 2 and the PZT 
transferred layer 4 is composed of a metal, e.g. Pt, Au, 
W, Ta, Mo, Al, Cr, or Ti, or an alloy primarily containing 
such a metal. 

[0164] The thickness of the interlayer 3 is similar to 
that in the first embodiment. The method for forming the 
interlayer 3 is also similar to that in the first embodiment. 
The interlayer 3 may be composed of two or more layers 
having the same composition or different compositions. 
Alternatively, in the present invention, the transferred 
layer 4 may be directly formed on the separation layer 
2 without forming the interlayer 3. 
[3] As shown in Fig. 11, a transferred layer (detached 
member) 4 is formed on the interlayer 3. The transferred 
layer 4 is transferred onto a transfer member 6 which 
will be described later, and formed by a method similar 
to that for the separation layer 2. The purpose for form- 
ing, type, shape, structure, composition, and physical 
and chemical characteristics of the transferred layer 4 
are not limited, and it is preferable that the transferred 
layer 4 be a functional thin film or a thin film device in 
view of the purpose and usefulness of the transfer. Ex- 
amples of the functional thin films and thin film devices 
have been described in the first embodiment. 
[0165] Such a functional thin film or thin film device is 
generally formed at a relatively high process tempera- 
ture in connection with the manufacturing method. As 
described above, therefore, the substrate 1 must be 
highly reliable and resistive to such a high process tem- 
perature. 

[01 66] The transferred layer 4 may be composed of a 
single layer or a plurality of layers. Additionally, it may 
be patterned as in the above-described thin film transis- 
tor. The formation (deposition) and patterning of the 
transferred layer 4 is performed by a given process ac- 
cording to demand. Such a transferred layer 4 is gener- 
ally formed by a plurality of steps. The thickness of the 
transferred layer 4 is also similar to that in the first em- 



bodiment. 

[4] As shown in Fig. 12, an adhesive layer 5 is formed 
on the transferred layer (exfoliation layer) 4 to adhere 
with the transfer member 6 through the adhesive layer 
5 5. Preferred examples of adhesives for forming the ad- 
hesive layer 5 are identical to those in the first embodi- 
ment. When using a curable adhesive, the curable ad- 
hesive is applied onto the transferred layer 4, a transfer 
member 6 described later is adhered thereto, the cura- 
10 ble adhesive is cured by a curing method in response 
to the property to adhere the transferred layer 4 with the 
transfer member 6. In the case using a photo-setting ad- 
hesive, it is preferable that a transparent transfer mem- 
ber 6 be placed on the adhesive layer 5, and then the 
15 transfer member 6 be irradiated with light to cure the 
adhesive. When the substrate 1 is transparent, both the 
substrate 1 and the transfer member 6 are preferably 
irradiated with light to secure curing of the adhesive. 
[01 67] Instead of the state shown in the drawings, the 
20 adhesive layer 5 may be formed on the side of the trans- 
fer member 6, and the transferred layer 4 may be formed 
thereon. Further, the above-mentioned interlayer may 
be formed between the transferred layer 4 and the ad- 
hesive layer 5. When, for example, the transfer member 
25 6 has a function as an adhesive, the formation of the 
adhesive layer 5 can be omitted. 
[0168] Examples, materials, and characteristics of the 
transfer member 6 are identical to those in the first em- 
bodiment. [5] As shown in Fig. 13, the rear side (the in- 
30 cident face 12) of the substrate 1 is irradiated with the 
incident light 7. After the incident light 7 passes through 
the substrate 1 , it is radiated to the separation layer 2 
through the interface 2a. In detail, it is absorbed in the 
optical absorption layer 21 , the part of the incident light 
35 7 not absorbed in the optical absorption layer 21 is re- 
flected by the reflection layer 22 and passes through the 
optical absorption layer 21 again. The adhering force in 
the separation layer is reduced or eliminated by the in- 
ternal and/or interfacial exfoliation, and as shown in Fig. 
40 14 or 15, the transferred layer 4 is detached from the 
substrate and transferred onto the transfer member 6 
when the substrate 1 is separated from the transfer 
member 6. 

[0169] Fig. 14 shows a case of internal exfoliation of 
45 the separation layer 2, and Fig. 15 shows a case of in- 
terfacial exfoliation at the interface 2a of the separation 
layer 2. It is presumed from the occurrence of an internal 
and/or interfacial exfoliation that ablation of the constit- 
uents in the optical absorption layer 21 occurs, that gas 
50 retained in the optical absorption layer 21 is released, 
and that phase change such as melting or vaporization 
occurs immediately after the irradiation of the light. 
[0170] Wherein the word "ablation" means that solid 
components (the constituents of the optical absorption 
55 layer 21), which absorbed the incident light, are photo- 
chemically and thermally excited and atoms and mole- 
cules in the solid components are released by the chain 
scission. The ablation is observed as phase transition 



25 



30 



35 



40 



45 



50 



17 



33 



EP 1 351 308 A1 



34 



such as melting or vaporization in the partial or entire 
constituents of the optical absorption layer 21 . Also, fine 
foaming may be formed by the phase change, resulting 
in a reduced adhering force. The internal and/or interra- 
cial exfoliation of the separation layer 21 depends on 
the layer configuration of the separation layer 2, the 
composition and thickness of the optical absorption lay- 
er 21 and other factors, for example, the type, wave- 
length, intensity and, range of the incident light 7. 
[0171] Examples of types of the incident light 7 and of 
apparatuses for generating it are identical to those in the 
first embodiment. 

[01 72] When the ablation in the optical absorption lay- 
er 21 depends on the wavelength of the incident light, it 
is preferable that the wavelength of the incident laser 
light ranges from approximately 100 nm to 350 nm. 
When exfoliating the separation layer 2 by the phase 
transition such as gas evolution, vaporization, and sub- 
limation, the wavelength of the incident laser light pref- 
erably ranges from approximately 350 nm to 1 ,200 nm. 
The energy density of the incident laser light, and par- 
ticularly of the excimer laser light preferably ranges from 
approximately 1 0 to 5,000 mJ/cm 2 , and more preferably 
from 100 to 1,000 mJ/cm 2 . The preferable irradiation 
time ranges from 1 to 1 ,000 nano seconds, and more 
preferably 1 0 to 1 00 nano seconds. A lower energy den- 
sity or a shorter irradiation time may cause insufficient 
ablation, whereas a higher energy density or a longer 
irradiation time may cause excessive breakage of the 
separation layer 2. It is preferable that the incident light 
7 such as laser light be incident such that the intensity 
is uniform. 

[0173] The direction of the incident light 7 is not limited 
to the direction perpendicular to the separation layer 2, 
and may be shifted by several degrees from the perpen- 
dicular direction. If the area of the separation layer 2 is 
larger than the irradiation area per scan of the incident 
light, the entire region of the separation layer 2 may be 
irradiated two or more times at the same position. Alter- 
natively, the same position or different positions may be 
irradiated with different types or different wavelengths 
(wavelength regions) of the incident light (laser light). 
[0174] In this embodiment, the reflection layer 22 is 
provided at the side of the optical absorption layer 21 
away from the substrate 1 , hence the optical absorption 
layer 21 can be effectively irradiated with the incident 
light 7 without any loss. Further, the irradiation of the 
transferred layer 4 with the incident light 7 can be pre- 
vented by the shading characteristics of the reflection 
layer (shading layer), preventing adverse effects, such 
as the modification and deterioration of the transferred 
layer 4. 

[0175] In particular, since the optical absorption layer 
21 is irradiated with the incident light without loss, the 
energy density of the incident light 7 can be reduced, or 
in other words, the irradiation area per scan can be in- 
creased; a given area of the separation layer 2 can 
therefore be exfoliated at decreased irradiation times as 



an advantage in the production process. 
[6] As shown in Fig. 1 6, the separation layer 2 remaining 
on the interlayer 3 is removed by, for example, washing, 
etching, ashing, or polishing, or a combination thereof. 

5 In the internal exfoliation of the separation layer 2 shown 
in Fig. 14, the optical absorption layer 21 remaining on 
the substrate 1 can also be removed if necessary. 
[0176] When the substrate 1 is composed of an ex- 
pensive or rare material such as quartz glass, it is pref- 

10 erable that the substrate 1 be reused (recycled). In other 
words, the present invention is applicable to a substrate 
to be reused, and thus is highly useful. 
[01 77] The transfer of the transferred layer 4 onto the 
transfer member 6 is completed by these steps. The re- 

15 moval of the interlayer 3 adjoining the transferred layer 
4 and formation of an additional layer may be incorpo- 
rated. 

[0178] The configuration of the separation layer 2 is 
not limited to that shown in the drawings, and may in- 

20 elude that comprising a plurality of optical absorption 
layers which have at least one different property among 
the composition, thickness, and characteristics of the 
layer. For example, the separation layer 2 may be com- 
posed of three layers including a first optical absorption 

25 layer, a second optical absorption layer, and a reflection 
layer provided therebetween. 

[0179] The interfaces between the sub-layers forming 
the separation layer 2 are not always clearly provided, 
the composition of the layer, and the concentration, mo- 

30 lecular structure, and physical and chemical properties 
of a given component may continuously change (may 
have a gradient) near the interface. 
[0180] In this embodiment shown in the drawings, the 
transfer of the transferred layer 4 onto the transfer mem- 

35 ber 6 is described, such transfer is not always incorpo- 
rated in the exfoliating method in accordance with the 
present invention. 

[0181] The exfoliating member can be used for vari- 
ous purposes as described in the first embodiment. Var- 

40 bus transfer members 6 other than that described 
above can also be used as in the first embodiment. 
[0182] When the adhered member (detached mem- 
ber) is removed or when the transferred layer 4 is not 
adversely affected by the incident light 7, the incident 

45 light 7 is not always incident on the substrate 1 , and may 
be incident on the side away from the substrate 1 . In this 
case, it is preferable that the optical absorption layer 21 
and the reflection layer 22 have a reversed positional 
relationship in the separation layer 2. 

50 [0183] The exfoliating method in accordance with the 
present invention has been described with reference to 
this embodiment shown in the drawings, the present in- 
vention, however, is not limited to this, and permits var- 
ious modifications as in the first embodiment (please re- 

55 fer to the description concerning the modifications in the 
first embodiment). 

[0184] Examples of the second embodiment will now 
be described. 
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(Example 1) 

[0185] A quartz substrate with a length of 50 mm, a 
width of 50 mm, and a thickness of 1.1 mm (softening 
point: 1 ,630 °C, distortion point: 1 ,070 °C, and transmit- 
tance of excimer laser:, approximately 100%) was pre- 
pared, and a separation layer having a double-layered 
structure including an optical absorption layer and a re- 
flecting layer was formed on one side of the quartz sub- 
strate. 

[0186] An amorphous silicon (a-Si) film as the optical 
absorption layer was formed by a low pressure CVD 
process (Si 2 H 6 gas, 425 °C). The thickness of the opti- 
cal absorption layer was 100 nm. A metallic thin film 
composed of Ta as the reflecting layer was formed on 
the optical absorption layer by a sputtering process. The 
thickness of the reflection layer was 100 nm, and the 
reflectance of the laser light was 60%. 
[0187] A Si0 2 film as an interlayer was formed on the 
separation layer by an ECR-CVD process (SiH 4 +0 2 
gas, 100 °C). The thickness of the interlayer was 200 
nm. 

[0188] An amorphous silicon film with a thickness of 
60 nm as a transferred layer was formed on the inter- 
layer by a low pressure CVD process (Si 2 H 6 gas, 425 
°C), and the amorphous silicon film was irradiated with 
laser light beams (wavelength: 308 nm) to modify the 
amorphous silicon film into a polycrystalline silicon film 
by crystallization. The polycrystalline silicon film was 
subjected to patterning and ion plating to form a thin film 
transistor. 

[0189] A UV-curable adhesive (thickness: 100 j^m) 
was applied onto the thin film transistor, a large, trans- 
parent glass substrate (soda glass, softening point: 740 
°C, distortion point: 511 °C) as a transfer member was 
adhered to the adhesive film, and the outer surface of 
the glass substrate was irradiated with ultraviolet rays 
to fix these layers by curing the adhesive. 
[0190] The surface of the quartz substrate was irradi- 
ated with Xe-CI excimer laser beams (wavelength: 308 
nm) to cause exfoliation (internal and interfacial exfolia- 
tion) of the separation layer. The energy density of the 
Xe-CI excimer laser was 1 60 mJ/cm 2 , and the irradiation 
time was 20 nanoseconds. The excimer laser irradiation 
methods include a spot-beam irradiation method and a 
line-beam irradiation method. In the spot-beam irradia- 
tion method, a given unit area (for example 10 mm by 
10 mm) is irradiated with a spot beam, and the spot ir- 
radiation is repeated while shifting the spot beam by 
about one-tenth the given unit area. In the line-beam 
irradiation, a given unit area (for example 378 mm by 
0.1 mm, or 378 mm by 0.3 mm (absorbing 90% or more 
of the incident energy)) is irradiated with while shifting 
the line-beam by about one-tenth the given unit area. 
Each of the points of the separation layer is thereby ir- 
radiated at least ten times. The entire surface of the 
quartz substrate is irradiated with the laser, while shifting 
step by step the irradiated area. 



[0191] Next, the quartz substrate was detached from 
the glass substrate (transfer member) at the separation 
layer, so that the thin film transistor and interlayer were 
transferred onto the glass substrate. 
5 [0192] The separation layer remaining on the interlay- 
er on the glass substrate was removed by etching, 
washing, or a combination thereof. A similar process 
was applied to the quartz substrate for recycling the sub- 
strate. 

10 

(Example 2) 

[0193] A thin film transistor was transferred as in Ex- 
ample 1, but an amorphous silicon film containing 18 
15 atomic percent of hydrogen (H) was formed as the op- 
tical absorption layer. The hydrogen content in the amor- 
phous silicon film was controlled by the film deposition 
conditions in the low pressure CVD. 

20 (Example 3) 

[0194] A thin film transistor was transferred as in Ex- 
ample 1, but a ceramic thin film (composition: PbTiO s , 
thickness: 200 nm) as the optical absorption layer was 
25 formed by spin-coating and sol-gel processes. 

(Example 4) 

[0195] A thin film transistor was transferred as in Ex- 
30 ample 1, but a ceramic thin film (composition: BaTi0 3 , 
thickness: 400 nm) as the optical absorption layer, and 
a metallic thin film composed of aluminum (thickness: 
120 nm, reflectance of laser light: 85%) as the reflection 
layer were formed by a sputtering process. 

35 

(Example 5) 

[0196] A thin film transistor was transferred as in Ex- 
ample 1 , but a ceramic thin film (composition: Pb(Zr,Ti) 
40 o 3 (PZT), thickness: 50 nm) as the optical absorption 
layer was formed by a laser ablation process, and a me- 
tallic thin film (thickness: 80 nm, reflectance of laser 
light: 65%) composed of an Fe-Cr alloy was formed by 
a sputtering process. 

45 

(Example 6) 

[0197] A thin film transistor was transferred as in Ex- 
ample 1 , but a polyimide film (thickness: 200 nm) as the 
50 optical absorption layer was formed by a spin-coating 
process. 

(Example 7) 

55 [0198] A thin film transistor was transferred as in Ex- 
ample 1 , but a praseodymium (Pr) film (rare earth metal 
film) (thickness: 500 nm) as the optical absorption layer 
was formed by a sputtering process. 
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(Example 8) 

[0199] A thin film transistor was transferred as in Ex- 
ample 2, but Kr-F excimer laser beams (wavelength: 
248 nm) were used as the incident light. The energy 
density of the laser beams was 180 mJ/cm 2 , and the 
irradiation time was 20 nano seconds. 

(Example 9) 

[0200] A thin film transistor was transferred as in Ex- 
ample 2, but Ar laser beams (wavelength: 1,024 nm) 
were used as the incident light. The energy density of 
the laser beams was 250 mJ/cm 2 , and the irradiation 
time was 50 nano seconds. 

(Example 10) 

[0201] A thin film transistor was transferred as in Ex- 
ample 1 , but a polycrystalline silicon film (thickness: 90 
nm) as the transferred layer was formed by a high tem- 
perature process at 1 ,000 °C. 

(Example 11) 

[0202] A thin film transistor was transferred as in Ex- 
ample 2, but a polycrystalline silicon film (thickness: 80 
nm) as the transferred layer was formed by a high tem- 
perature process at 1 ,030 °C. 

(Example 12) 

[0203] A thin film transistor was transferred as in Ex- 
ample 4, but a polycrystalline silicon film (thickness: 80 
nm) as the transferred layer was formed by a high tem- 
perature process at 1 ,030 °C. 

(Examples 13 to 20) 

[0204] A series of thin film transistors were transferred 
as in Examples 12 to 19 of the first embodiment. 
[0205] The thin film transistors transferred in Exam- 
ples 1 to 20 were observed visually and with a micro- 
scope. All the thin film transistors were uniformly trans- 
ferred without forming defects and unevenness. 
[0206] As described above, the second embodiment 
in accordance with the present invention has advantag- 
es shown in the first embodiment, the transferred layer, 
such as a thin film transistor, is prevented from adverse 
affects by the transmission of the incident light when the 
separation layer includes a shading layer, and particu- 
larly a reflection layer, and the separation layer is more 
effectively exfoliated by the use of the reflecting light 
from the reflection layer. 

[Third Embodiment] 

[0207] An exfoliating method in accordance with the 



third embodiment of the present invention will now be 
described in detail with reference to the attached draw- 
ings. In the third embodiment, a thin film device is used 
as the detached member or the transferred layer in the 

5 first embodiment. 

[0208] Figs. 17 to 22 are cross-sectional views illus- 
trating steps in accordance with this embodiment in the 
exfoliating method in accordance with the present in- 
vention. Each of the steps of the exfoliating method 

10 (transferring method) will be described with reference to 
these drawings. Since many matters are common to the 
first embodiment, the same parts are identified by the 
same numerals and a detailed description will be omit- 
ted appropriately. Accordingly, matters which are differ- 

15 ent from the first embodiment will be described. 

[Step 1] As shown in Fig. 17, a separation layer (optical 
absorption layer) is formed on a substrate 1 00. The sub- 
strate 100 and the separation layer 120 will be de- 
scribed. 

20 

(1 ) Description of the substrate 1 00 

[0209] Preferably, the substrate 1 00 is composed of 
a transparent material which transmits light. The light 
25 transmittance is identical to the first embodiment. Also, 
the material and the thickness of the substrate 100 are 
identical to the first embodiment. 

(2) Description of the separation layer 120 

30 

[0210] The separation layer 120 absorbs the incident 
light to cause internal and/or interfacial exfoliation, and 
preferably is composed of a material in which inter- 
atomic or inter-molecular adhering forces are reduced 

35 or eliminated by light irradiation to cause internal and/ 
or interfacial exfoliation based on ablation. 
[021 1 ] Further, gas causing exfoliating effects may be 
released from the separation layer 120 by light irradia- 
tion in some cases, that is, a case in which components 

40 contained in the separation layer 120 are released as 
gas, and a case in which the separation layer 120 is in- 
stantaneously gasified by absorbing the incident light 
and the released vapor contributes to exfoliation. The 
composition of such a separation layer 120 is similar to 

45 that in the first embodiment. 

[0212] Also, the thickness of the separation layer 120 
and the method for forming it are similar to those in the 
first embodiment. 

[Step 2] Next, as shown in Fig. 1 8, a transferred layer 
50 (thin film device layer) 140 is formed on the separation 
layer 120. An enlarged cross-sectional view of the por- 
tion K (surrounded by a dotted line in Fig. 1 8) of the thin 
film device layer 140 is shown in the right side of Fig. 
18. As shown in the drawing, the thin film device layer 
55 140 is composed of a TFT (thin film transistor) formed 
on a Si0 2 film (interlayer) 142, and the TFT includes 
source and drain layers 146 composed of an n-doped 
polycrystalline silicon layer, a channel layer 144, agate 
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insulating film 148, agate electrode 150, an insulating 
interlayer 154, and an electrode composed of, for ex- 
ample, aluminum. 

[0213] In this embodiment, although the interlayer ad- 
joining the separation layer 120 is composed of a Si0 2 5 
film, it may be composed of any other insulating film, 
such as Si 3 N 4 . The thickness of the Si0 2 film (interlayer) 
is adequately determined based on the purpose for the 
formation and its functions, and ranges generally from 
approximately 10 nm to 5 jum, and preferably 40 nm to 10 
1 |nm. The interlayer is formed for various purposes, and 
functions as at least one of a protective layer physically 
or chemically protecting the transferred layer 1 40, an in- 
sulating layer, a conductive layer, a shading layer to la- 
ser light, a barrier layer for preventing migration, and a 15 
reflection layer. 

[0214] In some cases, the transferred layer (thin film 
device layer) 140 may be directly formed on the sepa- 
ration layer 120, by omitting the formation of the inter- 
layer, such as the Si0 2 film. 20 
[0215] The transferred layer (thin film device layer) 
140 includes a thin film device such as a TFT, as shown 
in the right side of Fig. 18. As well as a TFT, other thin 
film devices shown in the first embodiment can also be 
used. These thin film devices are generally formed at a 25 
relatively high process temperature inherent to the for- 
mation method. Thus, as described above, the sub- 
strate 1 00 must have high reliability and must be resist- 
ant to the process temperature. 

[Step 3] As shown in Fig. 19, the thin film device layer 30 
140 is adhered to a transfer member 180 using an ad- 
hesive layer 160. Preferable examples of adhesives 
forming the adhesive layer 1 60 are described in the first 
embodiment. 

[0216] When using a curable adhesive, for example, 35 
the curable adhesive is applied onto the transferred lay- 
er (thin film devicelayer) 140, the transfer member 180 
is adhered thereto, the curable adhesive is cured by a 
curing method in response to the property to adhere the 
transferred layer (thin film device layer) 140 with the 40 
transfer member 1 80. In the case where a photo-setting 
adhesive is used, the outer surface of the transparent 
substrate 100 or transparent transfer member 180 (or 
both outer surfaces of the transparent substrate and 
transparent transfer member) is irradiated with light. A 45 
photo-setting adhesive, which barely affects the thin film 
device layer, is preferably used as the adhesive. 
[0217] Instead of the method shown in the drawing, 
the adhesive layer 160 may be formed on the transfer 
member 180 and the transferred layer (thin film device 50 
layer) 1 40 may be adhered thereto. Alternatively, the for- 
mation of the adhesive layer 160 can be omitted when 
the transfer member 180 has adhesive characteristics. 
[021 8] Examples of the transfer members 1 80 are de- 
scribed in the first embodiment. 55 
[Step 4] As shown in Fig. 20, the rear side of the sub- 
strate 100 is irradiated with light. The light passing 
through the substrate 100 is incident on the separation 



40 

layer 120. As a result, internal and/or interfacial exfolia- 
tion, which reduces or eliminates the adhering forces, 
occurs. It is presumed from the occurrence of the inter- 
nal and/or interfacial exfoliation in the separation layer 
120 that ablation of the constituents in the separation 
layer 1 20 occurs, that gas retained in the separation lay- 
er 120 is released, and that phase transition such as 
melting or vaporization occurs immediately after the 
light irradiation. 

[0219] Wherein the word "ablation" has the same 
meaning as in the first embodiment. 
[0220] The incident light is identical to the light used 
in the first embodiment. In particular, excimer lasers are 
preferably used. The excimer lasers output high energy 
laser beams in a shorter wavelength range which cause 
ablation in the separation layer 1 20 within a significantly 
shorter time. The separation layer 120 is therefore 
cleaved substantially without the temperature rise, and 
thus without deterioration or damage of the adjacent or 
adjoining transfer member 180, and substrate 100. 
[0221 ] If the ablation of the separation layer 1 20 is de- 
pendent on the wavelength of the incident light, it is pref- 
erable that the wavelength of the incident laser beam 
be approximately 1 00 nm to 350 nm. 
[0222] Fig. 23 is a graph of transmittance vs. wave- 
length of light in the substrate 100. As shown in the 
graph, the transmittance increases steeply at a wave- 
length of 300 nm. In such a case, light beams having a 
wavelength of higher than 300 nm (for example, Xe-CI 
excimer laser beams having a wavelength of 308 nm) 
are used. When exfoliating the separation layer 120 by 
means of phase transition, for example, gas evolution, 
vaporization, or sublimation, it is preferable that the 
wavelength of the incident laser beam be approximately 
350 nm to 1,200 nm. 

[0223] The energy density of the incident laser light 
beam, and particularly of the excimer laser light beam, 
is similar to that in the first embodiment. 
[0224] When the light passing through the separation 
layer 120 reaches the transferred layer 140 and ad- 
versely affects the layer, a metallic film 124 composed 
of tantalum (Ta) etc. may be formed on the separation 
layer (laser absorption layer) 120. The laser light pass- 
ing through the separation layer 120 is completely re- 
flected on the interface with the metallic film 124, and 
thus does not affect the thin film device provided on the 
metallic film. It is preferable that the intensity of the in- 
cident light such as laser light be uniform. The direction 
of the incident light is not always perpendicular to the 
separation layer 1 20, and may be shifted by a given an- 
gle from the perpendicular direction. 
[0225] If the area of the separation layer 1 20 is larger 
than the irradiation area per scan of the incident light, 
the entire region of the separation layer 120 may be ir- 
radiated two or more times at the same position. Alter- 
natively, the same position or different positions may be 
irradiated with different types or different wavelengths 
(wavelength regions) of the incident light (laser light). 
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[0226] Next, as shown in Fig. 21 , the substrate 1 00 is 
detached from the separation layer 120 by applying a 
force to the substrate 1 00. A part of the separation layer 
may remain on the substrate after the detachment, not 
shown in Fig. 21 . 

[0227] As shown in Fig. 22, the residual separation 
layer 120 is removed by etching, ashing, washing, pol- 
ishing or a combination thereof. The transferred layer 
(thin film device layer) 140 is thereby transferred onto 
the transfer member 1 80. Also, the moiety of the sepa- 
ration layer remaining on the substrate 100 is removed. 
When the substrate 100 is composed of an expensive 
or rare material such as quartz glass, it is preferably re- 
used (recycled). That is, the present invention is appli- 
cable to the substrate 100 to be reused, and is useful. 
[0228] The transfer of the transferred layer (thin film 
device layer) 1 40 onto the transfer member 1 80 is com- 
pleted by these steps. The Si0 2 film adjoining the trans- 
ferred layer (thin film device layer) 1 40 may be removed, 
or a conductive layer for wiring and/or a protective film 
may be formed on the transferred layer 140. 
[0229] In the present invention, the transferred layer 
(thin film device layer) 140 is not directly separated as 
the detached member, but the separation layer adhered 
to the transferred layer (thin film device layer) 140 is ex- 
foliated, hence uniform exfoliation or transfer is easily, 
securely, and uniformly achieved regardless of charac- 
teristics and conditions of the detached member (trans- 
ferred layer 140). Since the detached member (trans- 
ferred layer 140) is not damaged during the exfoliating 
operation, it can maintain high reliability. 
[0230] Examples 1 to 19 in the first embodiment can 
also be applied to the third embodiment. 

[Fourth Embodiment] 

[0231] The fourth embodiment includes a modifica- 
tion of a step in the third embodiment. 

[Formation of an Amorphous Silicon Layer in the Step 1 ] 

[0232] When the separation layer 1 20 is composed of 
amorphous silicon (a-Si), it is preferably formed by a 
chemical vapor deposition (CVD) process, and particu- 
larly by a low pressure (LP) CVD process, compared 
with plasma CVD, atmospheric pressure (AP) CVD, and 
ECR processes. For example, an amorphous silicon 
layer formed by the plasma CVD process contains a rel- 
atively large quantity of hydrogen. The presence of hy- 
drogen makes the ablation of the amorphous silicon lay- 
er easy, wherein hydrogen is released from the amor- 
phous silicon layer at a temperature of higher than 350 
°C. The evolution of hydrogen during the step forming 
the thin film device may cause exfoliation of thefilm. Fur- 
ther, the plasma CVD film has relatively low adhesive- 
ness, hence the substrate 100 may be detached from 
the transferred layer 140 in the wet washing step in the 
production of the device. In contrast, the LPCVD film has 



no possibility of evolution of hydrogen and has sufficient 
adhesiveness. 

[0233] The thickness of the amorphous silicon layer 
1 20 as the separation layer will be described with refer- 

5 ence to Fig. 39. In Fig. 39, the horizontal axis represents 
the thickness of the amorphous silicon layer, and the 
vertical axis represents the optical energy absorbed in 
this layer. As described above, when the amorphous sil- 
icon layer is irradiated with light, ablation occurs. 

w [0234] The word "ablation" means that solid compo- 
nents (the constituents of the separation layer 120), 
which absorbed the incident light, are photochemically 
and thermally excited and atoms and molecules in the 
solid components are released by the chain scission. 

15 The ablation is observed as phase transition such as 
melting or vaporization in the partial or entire constitu- 
ents of the separation layer 1 20. Also, fine foaming may 
be formed by the phase change, resulting in a de- 
creased adhering force. 

20 [0235] The absorbed energy required for the ablation 
decreases with a decreased thickness, as shown in Fig. 
39. 

[0236] Accordingly, the thickness of the amorphous 
silicon layer 120 as the separation layer is reduced in 
25 this embodiment. The energy of the light incident on the 
amorphous silicon layer 120 is thereby reduced, result- 
ing in lower energy consumption and miniaturization of 
the light source unit. 

[0237] The thickness level of the amorphous silicon 
30 layer 1 20 as the separation layer will now be investigat- 
ed. As shown in Fig. 39, the absorbed energy required 
for the ablation decreases as the thickness of amor- 
phous silicon decreases. According to the present in- 
ventors investigation, it is preferable that the thickness 
35 be 25 nm or less, hence ablation can occur by the power 
of a general light source unit. Although the lower limit of 
the thickness is not limited, a lower limit of 5 nm may be 
determined in view of the secure formation and adhe- 
siveness of the amorphous silicon layer. Accordingly, 
40 the preferable thickness of the amorphous silicon layer 
120 ranges from 5 nm to 25 nm, and more preferably 15 
nm or less for achieving further energy saving and high- 
er adhesiveness. The optimum range of the thickness 
is 11 nm or less, and the absorbed energy required for 
45 the ablation can be significantly decreased near that 
thickness. 

[Fifth Embodiment] 

50 [0238] The fifth embodiment includes a modification 
of a step in the third or fourth embodiment. 

[Reinforcement of the Transfer Member in the Step 3] 

55 [0239] Although the transfer member 1 80 has prefer- 
ably a certain amount of rigidity as a mechanical prop- 
erty, it may have flexibility or elasticity. Such a mechan- 
ical property of the transfer member 1 80 is determined 
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in consideration of the following point. When the sepa- 
ration layer 120 is irradiated with light, the constituent 
material of the separation layer 120 is photochemically 
or thermally excited, and molecules or atoms on and in 
the layer are cleaved to release molecules or atoms out- 
side. It is preferable that the transfer member 180 has 
mechanical strength which is resistant to the stress act- 
ing on the upper portion of the separation layer 120 ac- 
companied by the release of molecules or atoms. A de- 
formation or breakage at the upper portion of the sepa- 
ration layer 120 can be thereby prevented. 
[0240] Such mechanical strength may be imparted 
not only to the transfer member 1 80, but also to at least 
one layer lying above the separation layer 120, that is, 
the transferred layer 140, the adhesive layer 160, and 
the transfer member 180. The materials for and thick- 
nesses of the transferred layer 1 40, adhesive layer 1 60, 
and transfer member 1 80 can be determined in order to 
achieve such mechanical strength. 
[0241] When a combination of the transferred layer 
1 40, adhesive layer 1 60 and transfer member 1 80 does 
not have sufficient mechanical strength, a reinforcing 
layer 132 may be formed at an appropriate position 
above the separation layer 1 20, as shown in Figs. 42(A) 
to 42(E). 

[0242] The reinforcing layer 132 shown in Fig. 42(A) 
is provided between the separation layer 120 and the 
transferred layer 140. After forming exfoliation in the 
separation layer 120 and detaching the substrate 100, 
the reinforcing layer 132 can be removed together with 
the remaining separation layer 120 from the transferred 
layer 140. As shown in Fig. 42(B), the reinforcing layer 
132 provided above the transferred layer 180 can also 
be removed from the transferred layer 180, after the 
separation layer 120 is cleaved. The reinforcing layer 
132 shown in Fig. 42(C) intervenes as, for example, an 
insulating layer in the transferred layer 140 composed 
of a plurality of layers. Each reinforcing layer 1 32 shown 
in Figs. 42(D) and 42(E) is placed under or on the ad- 
hesive layer 1 60. In such a case, it cannot be removed 
later. 

[Sixth Embodiment] 

[0243] The sixth embodiment includes a modification 
of a step in any one of the third, fourth, and fifth embod- 
iments. 

[Formation of an Amorphous Silicon-Based Optical 
Absorption Layer as the Separation Layer in the Step 4] 

[0244] It is preferable that a method shown in Fig. 40 
or 41 be employed instead of the method shown in Fig. 
38. In Fig. 40, an amorphous silicon layer 120 is em- 
ployed as the separation layer, and another amorphous 
silicon layer 1 26 is also employed as a silicon-based op- 
tical absorption layer. In order to separate these two 
amorphous silicon layers 120 and 126, a silicon oxide 



(Si0 2 )film intervenes as a silicon-based intervening lay- 
er. Even if the incident light passes through the amor- 
phous silicon layer 120 as the separation layer, the 
transmitted light is absorbed in the amorphous silicon 
5 layer 126 as the silicon-based optical absorption layer. 
As a result, the thin film device provided thereon is not 
adversely affected. Since the two additional layers 126 
and 1 28 are composed of silicon, metallic contamination 
etc. does not when using an established conventional 
10 film deposition technology. 

[0245] When the thickness of the amorphous silicon 
layer 1 20 as the separation layer is larger than the thick- 
ness of the amorphous silicon layer 126 as the optical 
absorption layer, exfoliation in the amorphous silicon 
15 layer 126 can be securely prevented. Regardless of 
such a relationship of the thicknesses, however, the op- 
tical energy incident on the amorphous silicon layer 1 26 
is considerably lower than the optical energy incident on 
the amorphous silicon layer 1 20 as the separation layer, 
20 no ablation occurs in the amorphous silicon layer 126. 
[0246] Fig. 41 shows a case providing a silicon-based 
optical absorption layer 1 30 composed of a different ma- 
terial from that of the separation layer 120, wherein the 
silicon-based intervening layer is not always necessary. 
25 [0247] When a countermeasure to optical leakage in 
the separation layer 120 is employed as shown in Fig. 
40 or 41 , adverse effects to the thin film device can be 
securely prevented even if the optical absorption energy 
for exfoliating the separation layer 120 is high. 

30 

[Seventh Embodiment] 

[0248] The seventh embodiment includes a modifica- 
tion of a step in any one of the third to sixth embodi- 
es ments. 

[Modification of Irradiation with Light in the Step 4] 

[0249] A method of irradiation with light, which is suit- 
40 able for a case not having a metallic film 124 shown in 
Fig. 38 and does not affect the thin film device, will now 
be described with reference to the drawings from Fig. 
43 onwards. 

[0250] Figs. 43 and 44 show a method for irradiating 
45 almost the entire separation layer 120 with light. In each 
drawing, the number of scanning times of line beams is 
represented by N, and beam scanning is performed 
such that the region 20(N) irradiated with the N-th line 
beam 1 0 does not overlap with the region 20(N+1 ) irra- 
50 diated with the (N+1 )-th line beam 1 0. As a result, a low- 
or non-irradiation region 30 which is significantly nar- 
rower than each irradiated region is formed between the 
two adjacent regions 20(N) and 20(N+1). 
[0251] When the line beam 10 is moved to the direc- 
ts tion shown by the arrow A in relation to the substrate 
100 while radiating the beam, a low-irradiation region 
30 is formed. Alternatively, when the beam is not radi- 
ated during such a movement, a non-irradiation region 
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30 is formed. 

[0252] If the regions irradiated by different line beams 
overlap with each other, the separation layer 120 is ir- 
radiated with an excessive amount of incident light 
which is larger than that required for internal and/or in- 
terfacial exfoliation. When the light leaked from the sep- 
aration layer 120 is incident on the transferred layer 140 
including a thin film device, electrical and other charac- 
teristics of the thin film device will deteriorate. 
[0253] In the method shown in Figs. 43 and 44, the 
separation layer 120 is not irradiated with such exces- 
sive light, hence the original characteristics inherent to 
the thin film device can be maintained after the it is trans- 
ferred onto the transfer member. Although exfoliating 
does not occur in the low- or non-irradiation region 30 
in the separation layer 120, the adhesiveness between 
the separation layer 120 and the substrate 100 can be 
satisfactorily reduced by exfoliating in the regions irra- 
diated with the line beams. 

[0254] An example of beam scanning in view of the 
intensity of the line beam 10 will be described with ref- 
erence to Figs. 44 to 47. 

[0255] In Fig. 44, beam scanning is performed such 
that the region 20(N) irradiated with the N-th line beam 
10 overlaps with the region 20(N+1) irradiated with the 
(N+1)-th line beam 10. A doubly-irradiated region 40 is 
therefore formed between the two adjacent regions 20 
(N) and 20(N+1). 

[0256] The following description is an explanation of 
why leakage caused by excessive incident light does not 
occur in the doubly-irradiated region 40 in the separation 
layer 1 20 and why the original characteristics of the thin 
film device can be maintained. 

[0257] Figs. 46 and 47 are graphs of distributions of 
optical intensity vs. the position of the two adjacent line 
beams 10 and 10 in beam scanning. 
[0258] In accordance with the distribution of the opti- 
cal intensity shown in Fig. 46, each line beam 10 has a 
flat peak 1 0a having a maximum intensity at a predeter- 
mined region including the beam center. The two adja- 
cent line beams 10 and 10 are scanned such that the 
two corresponding flat peaks 10a do not overlap with 
each other. 

[0259] In contrast, according to the distribution of the 
optical intensity shown in Fig. 47, each line beam 1 0 has 
a beam center with a maximum intensity, wherein the 
optical intensity decreases at a point distant from the 
beam center. The two adjacent line beams 10 and 10 
are scanned such that the two beam-effective regions 
having an intensity which is 90% of the maximum inten- 
sity of each line beam 1 0 do not overlap with each other. 
[0260] As a result, the total dose (summation of prod- 
ucts of optical intensities by irradiated times at each po- 
sition) of the light beams incident on the doubly-irradi- 
ated region 40 is lower than that of the flat region or 
beam-effective region. The doubly-irradiated region 40, 
therefore, will first be cleaved at the second irradiation 
of the beams, and this does not correspond to the ex- 



cessive irradiation of beam. If the relevant region of the 
separation layer is cleaved at the first irradiation, the in- 
tensity in the second irradiation of the light beam, which 
is incident on the thin film device, is reduced, hence de- 
5 terioration of the electrical characteristics of the thin film 
device can be prevented or significantly reduced to a 
practical level. 

[0261 ] In order to suppress leakage of light in the dou- 
bly-irradiated region 40, it is preferable that the intensity 

10 of each beam which is incident on the doubly-irradiated 
region 40 be less than 90%, more preferably 80% or 
less, and most preferably 50% or less of the maximum 
intensity at the center of each beam. When the intensity 
of the beam is significantly high so that exfoliation oc- 

15 curs at an intensity which is half (50%) the maximum 
intensity of the beam, overlapping at regions in which 
the intensity is higher than half of the maximum intensity 
may be avoided. 

[0262] Such irradiation modes can also be applicable 
20 to beam shapes, such as a spot beam, other than a line 
beam. In the spot beam scanning, vertical and horizon- 
tal relationships between the adjacent irradiated regions 
must be taken into account. 

[0263] The direction of the incident light including la- 
25 ser light is not limited to the direction perpendicular to 
the separation layer 120, and may be shifted by a given 
angle from the perpendicular direction as long as the 
intensity of the incident light is substantially uniform in 
the separation layer 120. 
30 [0264] An example in accordance with the present in- 
vention will now be described. The example corre- 
sponds to a modification of the laser irradiation in Ex- 
ample 1 of the third embodiment. 



[0265] A quartz substrate with a length of 50 mm, a 
width of 50 mm, and a thickness of 1 .1 mm (softening 
point: 1 ,630 °C, distortion point: 1 ,070 °C, and transmit- 

40 tance of excimer laser: approximately 100%) was pre- 
pared, and an amorphous silicon (a-Si) film as a sepa- 
ration layer (laser-absorption layer) was formed on the 
one side of the quartz substrate by a low pressure CVD 
process (Si 2 H 6 gas, 425 °C). The thickness of the sep- 

45 aration layer was 100 nm. 

[0266] A Si0 2 film as an interlayer was formed on the 
separation layer by an ECR-CVD process (SiH 4 +0 2 
gas, 100 °C). The thickness of the interlayer was 200 
nm. 

50 [0267] A polycrystalline silicon (or polycrystalline sili- 
con) film with a thickness of 50 nm as a transferred layer 
was formed on the interlayer by a CVD process (Si 2 H 6 
gas). The polycrystalline silicon film was patterned to 
form source/drain/channel regions of a thin film transis- 

55 tor. After a Si0 2 gate insulating film was formed by ther- 
mal oxidation of the surface of the polycrystalline silicon 
film, a gate electrode (a structure in which a high melting 
point metal, such as Mo, was deposited on the polycrys- 



35 (Modified Example 1) 



24 



47 

talline silicon) was formed on the gate insulating film, 
and source and drain regions were formed by self align- 
ment by means of ion implantation using the gate elec- 
trode as a mask. A thin film transistor was thereby 
formed. 5 
[0268] A thin film transistor having similar character- 
istics can be formed by a low temperature process in- 
stead of such a high temperature process. For example, 
an amorphous silicon film with a thickness of 50 nm as 
a transferred layer was formed on a Si0 2 film as an in- 10 
terlayer on the separation layer by a low pressure CVD 
process (Si 2 H 6 gas, 425 °C), and the amorphous silicon 
film was irradiated with laser beams (wavelength: 308 
nm) to modify the amorphous silicon into a polycrystal- 
line silicon film by crystallization. The polycrystalline sil- 15 
icon film was patterned to form source/drain/channel re- 
gions having agiven pattern of a thin film transistor. After 
a Si0 2 gate insulating film was deposited on the poly- 
crystalline silicon film by a low pressure CVD process, 
a gate electrode (a structure in which a high melting 20 
point metal, such as Mo, was deposited on the polycrys- 
talline silicon) was formed on the gate insulating film, 
and source and drain regions were formed by self align- 
ment by means of ion implantation using the gate elec- 
trode as a mask. A thin film transistor was thereby 25 
formed. 

[0269] Next, electrodes and leads connected to the 
source and drain regions and leads connected to the 
gate electrode were formed, if necessary. These elec- 
trodes and leads are generally composed of aluminum, 30 
but not for the limitation. A metal (not melted by laser 
irradiation in the succeeding step) having a melting point 
higher than that of aluminum may be used if melting of 
aluminum is expected in the succeeding laser irradiation 
step. 35 
[0270] A UV-curable adhesive (thickness: 100 fxm) 
was applied onto the thin film transistor, a large, trans- 
parent glass substrate (soda glass, softening point: 740 
°C, distortion point: 511 °C) as a transfer member was 
adhered to the adhesive film, and the outer surface of 40 
the glass substrate was irradiated with ultraviolet rays 
to fix these layers by curing the adhesive. 
[0271] The surface of the quartz substrate was irradi- 
ated with Xe-CI excimer laser beams (wavelength: 308 
nm) to cause exfoliation (internal and interfacial exfolia- 45 
tion) of the separation layer. The energy density of the 
Xe-CI excimer laser was 250 mJ/cm 2 , and the irradiation 
time was 20 nano seconds. The excimer laser irradiation 
methods include a spot-beam irradiation method and a 
line-beam irradiation method. In the spot-beam irradia- 50 
tion method, a given unit area (for example 8 mm by 8 
mm) is irradiated with a spot beam, and the spot irradi- 
ation is repeated while scanning the spot beam such 
that irradiated regions do not overlap with each other (in 
the vertical and horizontal directions), as shown in Fig. 55 
43. In the line-beam irradiation, a given unit area (for 
example 378 mm x 0.1 mm, or 378 mm X 0.3 mm (ab- 
sorbing 90% or more of the incident energy)) is irradiat- 
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ed while scanning the line-beam such that irradiated re- 
gions do not overlap with each other, as shown in Fig. 
43. Alternatively, irradiation may be performed such that 
the total intensity of the beams is reduced in the doubly- 
irradiated region. 

[0272] Next, the quartz substrate was detached from 
the glass substrate (transfer member) at the separation 
layer, so that the thin film transistor and interlayer 
formed on the quartz substrate were transferred onto 
the glass substrate. The separation layer remaining on 
the interlayer on the glass substrate was removed by 
etching, washing, or a combination thereof. A similar 
process was applied to the quartz substrate for recycling 
it. 

[0273] When the glass substrate as the transfer mem- 
ber is larger than the quartz substrate, the transfer from 
the quartz substrate to the glass substrate in accord- 
ance with this example can be repeated to form a 
number of thin film transistors on different positions on 
the quartz substrate. A larger number of thin film tran- 
sistors can be formed on the glass substrate by repeat- 
ed deposition cycles. 

[Eighth Embodiment] 

[0274] An exfoliating method in accordance with the 
eighth embodiment of the present invention will now be 
described in detail with reference to the attached draw- 
ings. In the eighth embodiment, the exfoliation member 
or transferred layer in any one of the first to seventh em- 
bodiments is composed of a CMOS-TFT. 
[0275] Figs. 24 to 34 are cross-sectional views of the 
steps in the exfoliating method in this embodiment. 
[Step 1 ] As shown in Fig. 24, a separation layer (for ex- 
ample, an amorphous silicon layer formed by a LPCVD 
process) 1 20, an interlayer (for example, Si0 2 film) 1 42, 
and an amorphous silicon layer (for example, formed by 
a LPCVD process) 143 are deposited in that order on a 
substrate (for example, a quartz substrate) 100, and 
then the entire amorphous silicon layer 143 is irradiated 
with laser light beams to anneal the layer. The amor- 
phous silicon layer 143 is thereby modified into a poly- 
crystalline silicon layer by recrystallization. 
[Step 2] As shown in Fig. 25, the polycrystalline silicon 
layer formed by laser annealing is patterned to form is- 
lands 144a and 144b. 

[Step 3] As shown in Fig. 26, gate insulating films 148a 

and 148b are formed to cover the islands 144a and 

144b, for example, by a CVD process. 

[Step 4] As shown in Fig. 27, gate electrodes 150a and 

150b composed of polycrystalline silicon or metal are 

formed. 

[Step 5] As shown in Fig. 28, a mask layer 170 com- 
posed of a polyimide resin etc. is formed, and for exam- 
ple, boron (B) is ion-implanted by self-alignment using 
the gate electrode 150b and the mask layer 170 as 
masks. p-Doped layers 172a and 172b are thereby 
formed. 
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[Step 6] As shown in Fig. 29, a mask layer 174 com- 
posed of a polyimide resin etc. is formed, and for exam- 
ple, phosphorus (P) is ion-implanted by self-alignment 
using the gate electrode 150a and the mask layer 174 
as masks. n-Doped layers 146a and 146b are thereby 5 
formed. 

[Step 7] As shown in Fig. 30, an insulating interlayer 1 54 
is formed, contact holes are selectively formed, and then 
electrodes 152a to 152d are formed. 

[0276] The formed CMOS-TFT corresponds to the 10 
transferred layer (thin film device) shown in Figs. 18 to 
22. A protective film may be formed on the insulating 
interlayer 154. 

[Step 8] As shown in Fig. 31, an epoxy resin layer 160 
as an adhesive layer is formed on the CMOS-TFT, and 15 
then the TFT is adhered to the transfer member (for ex- 
ample, a soda-glass substrate) 1 80 with the epoxy resin 
layer 160. The epoxy resin is cured by heat to fix the 
transfer member 180 and the TFT. 

[0277] A photo-polymeric resin which is a UV-curable 20 
adhesive may also be used as the adhesive layer 160. 
In such a case, the transfer member 180 is irradiated 
with ultra-violet rays to cure the polymer. 
[Step 9] As shown in Fig. 32, the rear surface of the sub- 
strate 1 00 is irradiated with, for example, Xe-CI excimer 25 
laser beams in order to cause internal and/or interfacial 
exfoliation of the separation layer 120. 
[Step 10] As shown in Fig. 33, the substrate 100 is de- 
tached. [Step 11] The separation layer 120 is removed 
by etching. As shown in Fig. 34, thereby, the CMOS-TFT 30 
is transferred onto the transfer member 180. 

[Ninth Embodiment] 

[0278] The use of transfer technologies of thin film de- 35 
vices described in the first to eighth embodiments ena- 
bles the formation of a microcomputer composed of thin 
film devices on a given substrate, for example, as shown 
in Fig. 35(a). In Fig. 35(a), on a flexible substrate 182 
composed of plastic etc., a CPU 300 provided with a 40 
circuit including thin film devices, a RAM 320, an input- 
output circuit 360, and a solar battery 340 having PIN- 
junction of amorphous silicon for supplying electrical 
power to these circuits are mounted. Since the micro- 
computer in Fig. 35(a) is formed on the flexible sub- 45 
strate, it is resistive to bending, as shown in Fig. 35(b), 
and to dropping because of its light weight. 

[Tenth Embodiment] 

50 

[0279] An active matrix liquid crystal display device, 
shown in Figs. 36 and 37, using an active matrix sub- 
strate can be produced by a transfer technology of any 
one of the first to fourth embodiments. 
[0280] As shown in Fig. 36, the active matrix liquid 55 
crystal display device is provided with an illumination 
source 400 such as a back light, a polarizing plate 420, 
an active matrix substrate 440, a liquid crystal 460, a 



counter substrate 480, and a polarizing plate 500. 
[0281] When a flexible active matrix substrate 440 
and a counter substrate 480 such as plastic film are 
used, a flexible, lightweight active matrix liquid crystal 
panel resistant to impact can be achieved by substitut- 
ing a reflecting liquid crystal panel using a reflective 
plate instead of the illumination source 400. When the 
pixel electrode is formed of metal, the reflecting plate 
and the polarizing plate 420 are not required. 
[0282] The active matrix substrate 440 used in this 
embodiment is a driver-built-in active matrix substrate 
in which a TFT is provided in a pixel section 442 and a 
driver circuit (a scanning line driver and a data line driv- 
er) 444 is built in. 

[0283] A circuit of a main section of the active matrix 
liquid crystal display device is shown in Fig. 37. As 
shown in Fig. 37, in a pixel section 442, a gate is con- 
nected to a gate line G1 , and either a source or a drain 
is connected to a data line D1 . Further, the pixel section 
442 includes a TFT (M 1 ) and a liquid crystal 460, where- 
in the other of the source and drain is connected to the 
liquid crystal 460. A driver section 444 includes a TFT 
(M2) formed by the same process as for the TFT (M1) 
in the pixel section 442. 

[0284] The active matrix substrate 440 including TFTs 
(M1 and M2) can be formed by the transferring method 
in accordance with either the third or fourth embodiment. 

[Industrial Applicability] 

[0285] In accordance with the present invention as 
described above, various types of exfoliation members 
(detached members) capable of forming on substrates 
are transferred onto transfer members which are other 
than the substrates which are used in the formation of 
the exfoliation members so that the exfoliation members 
are arranged on the transfer members which are other 
than the substrates used in the formation of the exfolia- 
tion members. Accordingly, the present invention is ap- 
plicable to production of various devices including liquid 
crystal devices and semiconductor integrated circuits. 



Claims 

1. A transferring method comprising: 

providing a substrate; 

forming a separation layer over the substrate; 
forming a transferred layer over the separation 
layer; and 

partly cleaving the separation layer such that a 
part of the transferred layer is transferred to a 
transfer member in a given pattern. 

2. A transferring method according to claim 1 , an ex- 
foliation being caused in the separation layer and/ 
or at an interface between the separation layer and 
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the substrate, whereby the transferred layer is re- 
moved from the substrate. 

3. A transferring method according to claim 2, wherein 
the separation layer is partly irradiated with light for 5 
causing the exfoliation. 

4. A transferring method according to claim 3, wherein 
the light is irradiated through a mask. 

10 

5. A transferring method according to claim 3, wherein 
a position for the irradiation is controlled. 

6. A transferring method according to any one of the 
preceding claims, wherein the method is repeated 15 
so that a plurality of transferred layers is transferred 

to the transfer member. 

7. A transferring method according to claim 6, wherein 

the transferred layers are transferred side by side 20 
in the repeating cycle. 

8. A transferring method according to any one of the 
preceding claims, wherein the transfer member is 
larger than the substrate. 25 

9. A transferring method according to any one of the 
preceding claims, further comprising the step of 
forming an adhesive layer over the transferred lay- 
er, the adhesive layer joining the transferred layer 30 
to the transfer member. 

10. A transferring method according to claim 9, the ad- 
hesive layer comprising a adhesive selected from 

the group consisting of a curable adhesive, a reac- 35 
tive curing adhesive, a photo-setting adhesive, a 
heat-hardening adhesive, a UV-curing adhesive 
and an anaerobic adhesive. 

11. A transferring method according to claim 9 or claim 40 
1 0, wherein the substrate has transparency, and the 
adhesive is illuminated from the substrate side to 
harden the adhesive. 

12. A transferring method according to claim 9 or claim 45 
1 0, wherein the transfer member has transparency, 
and the adhesive is illuminated from the transfer 
member side to harden the adhesive. 

13. A transferring method according to any one of the 50 
preceding claims, wherein the transferred layer 
comprises at least one of a thin film semiconductor 
device including a thin film transistor and a thin film 
diode, an electrode, a photovoltaic device, an actu- 
ator, a micro-magnetic device, an optical thin film, 55 
a superconducting thin film and a multi-layered thin 
film. 



14. A transferring method according to any one of the 
preceding claims, wherein steps of joining a transfer 
member to the transferred layer, removing the 
transferred layer from the substrate and transferring 
the transferred layer to the transfer member consti- 
tute a transfer process, wherein the transfer proc- 
ess is repeatedly performed. 

15. A transferring method according to claims 14, 
wherein the transfer process is repeatedly per- 
formed for an even number of times. 

16. A transferring method according to any one of the 
preceding claims, further comprising reusing the 
substrate for another transfer. 

17. A method for manufacturing an active matrix sub- 
strate comprising a transferring method according 
to any one of the preceding claims, wherein the 
transferred layer includes a plurality of thin film tran- 
sistors and the step of partly cleaving the separation 
layer such that a part of the transferred layer is 
transferred to a transfer member in a given pattern 
is performed repeatedly. 

18. A method for manufacturing an active matrix sub- 
strate according to claim 17, the active matrix sub- 
strate comprising a pixel portion and a drive portion, 
at least one of which has a said transistor. 
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